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ADVERTISEMENT. 


A  class  book  that  should  comprehend  in  regular  order, 
(he  text  of  what  is  delivered  in  lectures,  and  what  is  ex- 
pected from  the  candidate  at  examination,  is  a  thing  alto- 
gether so  desirable  for  Professor  and  Student,  that  I  bad 
contemplated  the  compilation  of  such  a  work  for  the 
use  of  my  pupils  in  this  University,  when,  very  oppor- 
tunely, I  received  Mr.  Brande's  Manual.  Having  pe- 
rused this  well  arranged  outline  of  a  course  of  Chemistry, 
I  deemed  my  projected  undertaking  unnecessary :  and 
yet,  I  could  not  adopt  his  book,  nor  recommend  it  to  ray 
class  entirely  in  the  shape  he  gives  it.  The  atomic 
theory,  as  delivered  by  him,  differs  considerably  from 
the  view  f  take  of  it;  and,  as  I  hold  this  to  be  the  ex- 
ceptionable part  of  Mr.  Brande's  otherwise  excellent 
performance,  it  only  remained  for  me  to  change,  or  as  1 
would  fain  say,  amend  it,  in  that  particular-  It  is  ea- 
sily seen  that  his  specific  gravities  and  atomic  weighti 
are  frequently  inaccurate :  nor  is  tie  error,  perhaps, 
entirely  accidental.  Representative  numbers  recently 
determined  in  a  very  satisfactory  manner  are  still  given 
by  Mr.  Brande  as  they  were  represented  five  or  8i.\  years 
'ago.allhougb  Dr.  Prout,  but  more  especially  Dr.  Thom- 
son hasdemonstrated  Ihat  they  required  correction.  The 
latter  has  clearly  proved  that  the  atoms  of  the  simple 
bodies  nitrogen,  oxygen,  chlorine,  carbon,  sulphur, 
^phosphorus,  iodine,  are  even  multiples  of  the  weight  of 
an  atom  of  hydrogen.  He  has  also  shown  that  when 
iiydrogen  is  made  the  unity  of  weight,  and  oxygen  the 
..unity  of  specific  gravity,  then  the  weight  of  the  atom 
of  a  gaseous  body  is  either  equal  to  the  specific  gravi' 
ty,  or  some  multiple  of  the  same  by  a  whole  number. 
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If  the  specific  gravity  of  oxygen  be  I,  that  of  bydroo 
gen  will  be  0.0625,  which  X  by  2  »  0.125,  weight  of  the 
atom  of  hydrogen.  In  most  cases  of  this  kind  the  atomic 
weight  is  double  the  specific  gravity ;  in  a  few,  however, 
twice  2  is  found  to  be  the  proper  multiplier:  the  reason^ 
of  thb  difierehce  is  not  very  obvious ;  but  in  the  first 
the  combination  is  most  energetic.  See  the  table  add' 
ed,  p.  161. 

In  consequence  of  these  views,  the  representative  num- 
bers for  the  elementary  and  compound  atoms,  through- 
out the  whole  work,  have  been  altered  to  correspond 
with  the  results  of  the  latest  discoveries  and  improve- 
ments. Almost  all  the  notes,  likewise,  are  additions ;  In 
other  respectsj  and  wherever  the  investigations  of  Mr. 
Brande  himself  are  given  as  authority,  the  text  has 
sufiered  no  change.  But  intending  the  manual  only 
for  a  class  book  and  text  of  my  lectures,  1 88  pages  of 
preface  have  been  left  out  and  102  pages  of  index 
abridged  to  two.  The  first,  though  well  composed, 
could,  in  this  instance,  be  the  better  spared,  as  it 
is  but  an  enlarged,  though  in  several  particulars,  an  im- 
proved version  of  the  author's  earlier  dissertation  on  the 
progress  of  chemical  science,  of  which  an  edition  from 
the  Boston  press  must  be  already  known  to  the  Ameri- 
can reader.  A  wish  to  avoid  making  the  publication  too 
voluminous  to  be  read  in  connexion  with  other  studies, 
or  rendering  the  price  too  high  for  beginners,  induced 
me  to  retrench  what  was,  in  some  measure,  unnecessa- 
ry ;  and,  applying  to  myself  the  same  rule,  I  forbear 
to  lengthen  this  advertisement 

JfeW'York,  Not.  20,  1821. 
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PREFACE. 

TaotioH  the  following  pages  are  chiefly  intended  for 
students,  it  is  trusted  that  the  proficient  will  find  tbera  a 
esefiil  compendium  of  Chemistry. 

The  arrangement  of  (he  materials  differs  from  that 
sanctioned  hy  our  heat  elementary  writers,  but  it  has 
been  adopted  in  consequence  of  eonie  yearn'  eiperience 
of  its  advantages  in  teaching  the  principles  of  the  science. 
In  the  first  chapter,  the  leading  facts  connected  with 
the  general  laws  of  chemical  changes  are  discussed  un- 
der the  separate  beads  of  Attraction,  Heat,  and  Elec- 
tricity. I'he  second  chapter  relates  to  the  properijes  of 
Radiant  Matter,  and  its  influence  upon  the  composition 
of  bodies.  In  the  third  and  fourth  chapters  I  have  de- 
'  tailed  the  sources  and  properties  of  the. Simple  Sup- 
porters of  Combustion,  and  of  the  Elementary  Acidifi- 
able  Substances,  and  their  mutual  combinations.  The 
fifth  chapter  contains  an  account  of  the  Metals,  and  of 
their  compounds  with  the  bodies  previously  described, 
\  and  with  each  other. 

The  sixth  chapter  embraces  such  details  respecting 

\  the  Assay  and  Analysis  of  Aletalliferous  Compounds, 

1  BB  are  necessarily  omitted  under  (he  individual  history 

I  of  the  metals :  in  this  division  of  the  hook  I  hare  avail- 

J  ed  myself  largely  of  the  invaluable  analytical  labours 

l^f  KJaproth,  and  have  selected  from  other  sources  such 

n  instances  as  I  conceived  best  adapted  to  assist  the  stu- 

l  dent  in  acquiring  correct  notions  of  this  department  of 

1 'chemical  study  ;  the  processes  detailed  have,  with  few 

eiceplions,  been  submitted  to  the  test  of  experimental 

repetition  in  the  laboratory  of  the  Royal  Institution, 

and  Iboee  which  have  not  been  thus  verified,  are  drawn 

from  sources  of  (he  highest  authority. 

In  the  seventh  chapter  I  have  aimed  at  a  succinct  des- 
cription of  the  means  of  analyzing  mineral  waters,  and 
as  their  examinaliou  is  frequently  desirable  where  the 
conveniences  of  a  regular  laboratory  are  not  attainable, 
i  have  subjoined  a  short  account  of  the  tests  and  appa- 
ratus required  in  this  branch  of  research. 
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Upon  the  subject  of  analysis  in  general,  the  student 
nill  find  inexhaustible  information  in  the  writings  of 
Klaproth,  and  in  the  Essays  of  Vauquelin ;  the  former 
have  only  beeti  in  part  translated  into  the  English  lan- 
guage ;  and  the  latter  are  scattered  through  various  pe- 
riodical publications,  especially  the  Jourwd  des  Mines, 
and  the  AmnaUs  de  Chimie.  I'be  last  thirty  volumes  of 
the  Pkihsophical  Transactions  are  also  rich  in  detached 
essays,  by  our  most  eminent  chemists,  illustrative  of  the 
art  of  analysis.  A  judicious  selection  from  these  sources 
upon  an  extended  scale  would  be  truly  valuable  to  the 
practical  chemist,  and  would  materially  contribute  to  &- 
cilitate  the  progress  of  our  analytical  inquiries. 

For  general  directions  concerning  the  ail  of  analysis, 
and  for  many  useful  and  original  hints  relative  to  the 
manipulations  of  the  laboratory,  I  have  much  satisfac- 
tion in  referring  to  Mr.  Children's  translation  of  the 
fourth  volume  of  M.  Thenard's  TraiU  de  Chimie.  The 
reader  will  observe,  that  in  Chapter  Vl.  I  have  availed 
myself  of  this  work,  which  the  student  will  do  well  U> 
consult  in  detail. 

The  eighth  and  ninth  chapters  are  assigned  to  Vege- 
table and  Animal  Products ;  and  the  concluding  chap- 
ter^contains  the  heads  of  Geological  inquiry. 

In  the  Appendix  to  this  work  will  be  found  Ta 
bles,  chiefly  useful  as  presenting  a  synoptic  view  of  mosi 
of  tlie  simple  and  compound  bodies,  with  their  represen 
tative  or  equivalent  numbers;  these  may  easily  be  trans 
feiied  to  a  logometric  scale,  as  recommended  by  Dr 
WoUastont  who  has  thus  furnished  the  laboratory  witi 
one  of  its  most  useful  implements. 

The  principal  materials  of  this  book  have  been  drawi 
Aahu  Uie  notes  that  1  have  employed  in  my  diiieren^ 
iMursea  of  lectures,  and  these  are  partly  original,  anc 
l^itly  compiled  from  various  sources;  although  there 
l\Mt»  I  have  in  most  intances  scrupulously  referred  to  the 
aulhui  ities  quoted,  it  is  possible  that  this  may  have  beei 
•umetimes  omitted,  and  for  such  omissions,  t  now  beg  tc 
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apologize.  The  systematic  and  elementary  works  that 
1  bave  chiefly  relied  on  for  assistance,  are  the  Systems 
of  Dr.  T.  Thomson,  and  of  the  late  Dr.  John  Murray; 
the  Traite  de  Chiotie  of  M.  Thenard ;  and  the  Elements  of 
Sir  Humphry  Davy,  ami  of  Dr.  William  Henry.  The 
Chemical  Dictionary  of  Messrs.  Aikin,  1  have  also  often 
consulted  with  advantage,  especially  in  relation  to  the 
Chemistry  of  the  Aria.  Dr.  lire's  Dictionary  of  Chemis- 
try did  not  fail  into  my  bands  till  this  work  was  nearly 
ready  for  publication,  or  1  should  have  availed  myself 
of  the  valuable  iaforraatioo  in  which  it  abounds,  both  ori- 
ginal and  compiled. 

I  think  it  also  right  to  add,  that  much  of  this  work  baa 
been  written  in  the  Laboratory,  where  Ibe  results  of  ex- 
periments have  been  immediately  transferred  to  its  pages; 
and  where  I  liave  uniformly  received  the  asiietance  of  Mr. 
M.  Faraday,  whose  accuracy  and  skill  as  an  operator  bave 
proved  of  esseotial  service  in  all  my  proceedings. 

The  following  description  of  the  ground  plan  (Plate 
I.)  will  serve  to  explain  its  general  arrangement. 

A  is  a  part  appropriated  to  an  audience.  B  is  the  body 
of  the  Laboratory. 

a  The  entrance. 

b  An  open  chimney  for  the  reception  of  moveable 
furnaces. 

c  A  wind  furnace.    (Plate  HI.,  i%.  2.) 

d  A  reverberatory  and  assay  furnace. 

<  A  stove  with  a  sunk  flue,  for  warming  the  Laboratory. 
g     /A  Uble. 

r      ^  A  sand  furnace.     (Plate  III.,  JFig.  1.) 
'       This  has  lately  been  transferred  to  the  place  of  the 
centre  table  p,  and  communicates  by  a  descending  flue 
with  the  same  chimney. 

h  A  sink  with  a  plentiful  supply  of  water. 

t  A  table  with  cupboards  below  it. 

k  A  furnace  for  Ihe  production  of  gas  from  coal,  SCe. 

I  A  cast-iron  steam  boiler  for  the  abundant  supply  of 
hot  water,  and  of  steam  when  required, 

m  A  recess  lighted  from  above,  containing  a  beUoYtft- 
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blowpipe*  and  commmdcatiDg  wilb  three  fues  nnn^tm 
the  receptioB  of  the  chiuuieys  of  portaUe  fiunacet. . 
The  gas  puriAen  iiIm  fltand  10  this  reoetB.' 

0  A  forge  furnace  placed  in  a  similar  reoeia,  with  fiites 
for  occasional  purposes* 

ppp  Tables  with  drawers* 

q  A  gasometer  from  which  tubes  issue  for  the  supply 
of  the  Laboratoryi  and  of  the  lecture  room,  with  coal  gaa^ 

r  A  small  store-room  and  cellar  for  fiiet4^ 

■  ■■*' 
s  $  Recesses  for  apparatus. 

t  Doorway  leading  to  an  apartment  for  apparatus,  iTc: 

Plate  III.  contains  a  representation  of  the  illoit  useful 
furnaces  of  the  Laboratory. 

jFI^.  L  a  sand  furnace ;  a  the  laiger  tbathj^  the  small- 
er one,  which  may  occasionally  be  removed  for  the  pur- 
pose of  employing  the  fire-pboe  for  crucibles,  or  of 
inserting  the  boiler  of  a  stilL 

Fig.  2.  Section  of  the^  wind-fomaoe  ;  e  Plate  L  « is 
a  flue  communicating  with  the  exterior  of  the  building, 
for  the  admission  of  cold  air  to  the  fire-place ;  &  the  ash- 
hole  ;  c  c  two  grates,  the  upper  of  which  maiy  be  remoy- 
ed  when  a  deep  fire-place  is  wanted;  li  an  aperture 
which  may  be  closed  by  a  moyeable  fire-brick ;  e  the 
chimney;  /aregbten 

Fig.  3.  Knight's  portable  furnace,  made  of  wrought 
iron,  and  lined  with  fire-brick.  It  is  convenient  for  a 
variety  of  operations,  conducted  upon  a  snudl  scale ;  a  is  a 
door  for  the  passage  of  the  neck  of  a  retort  when  distilla- 
tion is  performing  in  the  open  fire,  as  seen  in  the  wood-cut 
at  page  120;  i  is  an  aperture  to  which  there  is  a  corres- 
ponding one  on  the  opposite  side  for  the  admission  of  a 
tube  to  pass  through  the  furnace,  as  shown  at  page  81. 

Rg.  4.  A  portable  assay-furnace ;  «( is  the  muffle  re- 
presented in  Fig.  5. 

i^.  6,  7,  and  8,  are  evaporating  basins ;  9,  a  Plati- 
num crucible  and  cover;  10, 1 1,  Hessian  crucibles;  12, 
13, 14,  I5»  the  principal  varieties  of  tonga  useful  in  the 
labwatory. 
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MANUAL":OF  CHEMISTRY. 


CHAPTER  I, 


mV    THB  F0WER8  AND  PROPERTIES  OF  MATTER,  AND  OF  THE  GENERlb 

LAWS  OF  CHEMICAL  CHANGES. 


1.  It  is  the  object  of  Chemistry  to  investi)B:ate  all  changes  in  thecon-Qj,.^^^ 
stitution  of  matter,  whether  effected  by  heat,  mixture  or  other  means.  chSuBiitir. 
Its  general  range,  therefore,  is  so  extensive,  and  the  individual  cases 
requiring  explanation,  so  numerous,  that  Arrangement  is  of  the  dht        ^, 
consequence  to  its  successful  study  ;  and,  in  the  present  state  o^Mk 
knowledge,  it  will  be  found  most  convenient  to  begin  with  the  disHpL 
sions  relating  to  the  general  powers  or  properties  of  matter,  and  anS^: 
wards  to  proceed  to  the  examination  of  individual  substances,  and  to 
the  phenomena  which  they  offer  when  presented  to  each  other  under 
circumstances  favourable  to  the  exertion  of  their  mutual  chemical 
agencies. 

2.  The  powers  and  properties  of  matter,  connected  with  chemical 
changes,  may  be  considered  under  the  heads  of 

1.  Homogencoos  Attraction. 

2.  Hetero^neous  Attraction,  or  A£^ty. 
5.  Heat. 

4.  Electricity. 

Sectioit  L     Homogeneotu  Attraction. 

3.  Attraction  may  be  regarded  as  acting  at  sensible  and  at  insen-AttnetiM^ 
sible  distances.     In  the  former  case  it  is  called  graviiaiion.     It  is  the •••»**•*»»* 
power  by  which  substances  are  propelled  towards  the  earth  ;  it  exists 

in  all  known  forms  of  matter ;  and  it  acts  directly  as  the  mass,  and  in- 
versely as  the  square  of  the  distance  :  Restrained  by  inertia,  it  pre^ 
serves  the  planetary  bodies  in  their  orbits,  presides  over  their  move- 
ments, and  tends  to  confer  upon  the  system  of  the  universe  that  con* 
summate  harmony  which  the  genius  of  Newton  has  unveiKid. 

4.  Attraction  is  also  exerted  at  insensible  distances,  and  among  the  AttrMtion  it 
minutest  atoms  of  matter.  It  thus  preserves  the  form,  and  modifies  j^'jj^i* '^^ 
the  textare,  of  solids,  gives  a  sphericiil  figure  to  fluids,  causes  tbe  ad- 
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hesiou  of  surfaces,  aiid  influeaces  the  mechanical  characters  of  bodies  ; 
and,  when  it  operates  upon  dissimilar  particles,  it  produces  their  union, 
giving  rise  to  new  and  infinitely-varied  productions. 

5.  The  results  of  attraction,  as  relating  to  the  texture  and  forms  of 
matter,  are  influenced  by  the  circumstances  under  which  it  has  taken 
place.  Sometimes  the  particles  are,  as  it  were,  indiscriminately  col-* 
lected ;  at  others,  they  are  beautifully  arranged,  giving  rise  to  regu- 
lar and  determinate  figures  :  In  this  ciise,  bodies  of  the  same  compo- 
sition almost  invariably  affect  the  same  form  ;  hence  we  are  often  en- 
abled to  infer  the  composition  of  a  substance  from  accurate  inspection 
of  its  external  or  mechanical  characters. 

6.  The  regular  polyhedral  solids  thus  resulting  from  the  influence 
^      of  attraction  upon  certain  kinds  of  matter,  are  usually  called  crystals ; 

and  the  bodies  are  said  to  be  susceptible  of  crystallization. 

7.  To  enable  the  particles  of  bodies  to  assume  that  regular  form 
^ofHTitioiu  for^^'^^  chrystals  exhibit,  it  is  obvious  that  they  must  have  freedom  of 
vyrtjauw-  motion  ;  and  accordingly,  the  first  step  towards  obtaining  a  body  in  its 
***"*            crystalline  form,  is  to  confer  upon  it  either  the  liquid  or  aeriform  state r 

The  former  is  usually  effected  by  solution  in  watel* ;  the  latter  by  ex- 
posure to  heat. 

8.  When  common  salt  is  dissolved  in  water,  its  particles  may  be  re- 
garded as  disposed  at  regular  distances  throughout  the  fluid  ;  and  if  the 
quantity  of  water  be  considerable,  the  particles  will  be  too  far  asunder 
to  exert  reciprocal  attraction  ;  in  other  words,  they  will  be  more  pow- 
erfully attracted  ]>y  the  water  than  by  each  other.  If  we  now  slowly 
get  rid  of  a  portion  of  the  water  by  evaporation,  the  saline  particles 
will  gradually  approach  each  other,  and  they  will  aggregate  according 
to  certain  laws  producing  a  regular  solid  of  a  cubic  form. 

rhe  figure  in-     9.  The  regularity  of  this  figure  will  be  influenced  by  the  rapidity  of 
•iSty* of  evi- ^^®  cvaporatiou ;  if  the  process  be  slowly  conducted,  the  particle* 
tontioa.        unite  with  great  regularity  ;  if  hurried,  the  crystals  are  irregular  and 
confused.     In  common  cases,  the  evaporation  may  be  continued  till  a 
pellicle  forms  upon  the  surface  of  the  solution,  which  indicates  that  the 
rime  for  itop-  attraction  of  the  saline  particles  fur  each  other,  is  becoming  superior 
USJoi'SSa.***  ^0  their  attraction  for  the  water.     The  formation,  thei'efore,  of  a  su- 
perficial pellicle  is  the  common  criterion  of  the  fitness  of  a  solution  for 
crystallization ;  but  where  the  object  is  to  obtiiin  very  regular  and 
very  large  cr^'stals,  the  evaporation  must  be  much  slower,  and  carried 
to  much  less  extent;    even  spontaneous  evaporation,  or  that  which 
takes  place  at  common  temperatures,  must  be  resorted  to. 

10.  There  are  certain  bodies  which  may  be  dissolved  or  liquefied  by 
Crrjditom-  heat,  and  during  slow  cooling,  may  be  made  to  crystallize.  This  is  the 
B  by  qiM».  ^^^  ^,j^j^  many  of  the  metals,  and  with  sulphur.  Some  other  substan- 
ces, when  heated,  readily  assume  the  state  of  vapour,  and,  during  con- 
densation, present  regular  crystalline  forms  ;  such  as  iodine,  benzoic 
acid,  camphor,  ^c, :  and  in  this  way  crystals  of  snow  are  produced  by 
the  cooling  of  aqueous  vapour. 

11.  Some  substances  are  so  easily  decomposed  by  heat,  and  at  the 
CryataUUa-  BHme  time  retain  water  with  such  avidity,  that  it  is  impossible  to  crystal- 
CM  °ii£?**^^®  them  by  any  of  the  above  processes  ;  in  these  cases  crystallization 

ipotitiao  ii  may  sometimes  be  effected  by  placing  the  solution  under  the  exhausted 
receiver  of  a^  air-pump,  over  a  surface  of  sulphuric  acid,  which  by  ab- 
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sorbing  the  vapour  as  k  rises,  causes  rapid  evaporation  without  increase 
of  temperature. 

1 2.  The  hardness,  brilliancy,  and  transparency  of  crystals,  often  de-  . 
pend  upon  their  containing  water,  which  sometimes  exists  in  them  in  uTiiMtba!^ 
large  quantities.     Thus,  sulphate  of  soda,  in  the  state  of  crystals,  con- 
tains more  than  half  its  weight.     Sulphate  of  lime,  in  its  crystallized 

form,  contains  about  20  per  cent,  of  water,  which  it  loses  at  a  red  heat, 

and  the  crystals  crumble  down  into  the  white  powder  called  Plaster  of 

Paris.     This  is  termed  water  of  crystallization.     Some  salts  part  with 

it  by  simple  exposure  to  a  dry  air,  when  they  arc  said  to  effloresce  ;  KfloiMecoee 

hut  there  are  other  salts  which  deliquesce,  or  attract  water  from  the  J^cj!*'*^""* 

atmosphere.     Those  crystals  which  effloresce  by  exposure  to  air, 

may  often  be  conveniently  preserved,  by  slightly  oiling  their  surfaces. 

The  best  method  is,  to  soak  the  crystals  in  oil  for  a  few  hours,  and 

then  to  wipe  them,  and  put  them  up  in  bottles, 

13.  Some  salts,  in  consequence  probably  of  their  strong  attraction 
for  the  water  that  retains  them  in  solution,  cannot  be  brought  to  cry- 
stallize in  the  ordinary  way.  In  such  eases,  crystillization  may  some* 
times  be  effected  by  the  addition  of  substances  having  a  strong  affinity 
for  water,  by  which  its  attraction  for  the  dissolved  matters  is  weaken- 
ed :  thus  alcohol,  added  to  certain  aqueous  saline  solutions,  produces 
a  separation  of  crystals,  but  they  are  generally  small  and  indistinct. 

14.  When  two  salts  of  different  solubilities  are  present  in  the  same 
solution,  they  often  may  be  separated  by  crystallization,  that  which  is 
least  soluble  constituting  the  earlier  crop  of  crystals. 

15.  Crystallization  is  accelerated,  by  introducing  into  the  solution 

a  nucleus,  or  solid  body,  upon  which  the  process  begins  ;  and  Knanu-^^'^*]!^^^ 
facturers  often  avail  themselves  of  this  circumstance.  Thus  we  sec  bjr «  nodeps. 
sugar-candy  crystallized  upon  strings,  and  verdigris  upon  sticks. 
There  are  cases  in  which  it  is  particularly  advantageous  to  put  a  few 
crystals  of  the  dissolved  salt  into  the  solution,  which  soon  cause  a  crop 
of  fresh  crystals  ;  and  in  some  instances,  if  there  be  two  salts  in  solu- 
tion, that  will  most  readily  separate,  of  which  the  crystals  have  been 
introduced. 

16.  A  strong  saline  solution,  excluded  from  the  air,  will  frequently 
crystallize  the  instant  that  air  is  admitted, — a  circumstance  unsatisfac-^etitdby^ 
torily  referred  to  atmospheric  pressure.     In  other  cjises,  agitation  j|*«"»«^  ^ 
produces  the  same  effect.     These  phenomena  seem  connected  witha^ution. 
the  doctrine  of  latent  heat,  but  hitherto  they  have  only  been  irnper* 

fectly  investigated  :  in  some  cases  they  have  been  shown  by  Dr.  Ure  to 
be  affected  by  electrical  changes. — Quarterly  Journal y  Vol.  x.,  p.  6. 

1 7.  The  presence  of  light  also  influences  the  process  of  crystalliza-  J;f '^e^SlTnu 
tion.     Thus  we  see  the  crystals  collected  in  camphor  bottles  in  drug-  *«Uou. 
gists*  windows  always  most  copious  upon  the  surface  exposed  to  light ; 

and  if  we  place  a  solution  of  nitre  in  a  room  which  has  the  light  admit- 
ted only  through  a  small  hole  in  the  window  shutter,  crystals  will  form 
most  abundantly  upon  the  side  of  the  basin  exposed  to  the  aperture 
through  which  the  light  enters,  and  often  the  whole  mass  of  crystals 
will  turn  towards  it. 

Many  saline  solutions  form  arborescent  crystalline  pellicles,  when 
left  to  spontaneous  evaporation,  which  slowly  travel  up  the  sides  of 
the  basin,  and  gradually  proceed  down  upon  the  outside  :  this  process 
also  always  begins  on  the  side  nearest  the  light,  and  is  often  confined 
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ii>  II.     Arvute  of  lime  «xhibiu  this  appearance  in  a  rery  beautil'nl 
iiuimor. — AiKis's  Did.  Art.  Light. 

—    .■(      liJ.  Wo  Duv  now  proceed  to  examine  the  structure  of  crystallized 

^'"^  iHiJios.  upon  which  the  Thtoria  nj  CryiiallUalion  are  founded.  This 
iiu|uiry  >.'!ci>o?ef  a  conuectiog  hnk  between  the  Chemical  and  Mechuni- 
cul  properties  of  bodies. 

It  is  conuiiiMily  observed,  that  crystallized  bodies  affect  one  form  in 

•  '••■'    pr'.'tV  rcnce  lo  others.     The  lluor  s])ar  of  Derhjuliire  crygtallizes  in 

ZiZt-  I'lilv- :  fi* -loos  comuioR  ^'idt.  Nitre  assumes  the  form  of  a --ix-sided 
l>'.'i:-:».  itnil  siilphutti  of  majniet^ia  that  of  a  Ibiir-^idcd  prii^m.  These 
t'<'L^l^  .iri'  li.'.hli'  In  vary.  Fluor  f par  and  salt  crystallize  sometimes  in 
tht'  li'rm  iij'iirtoedra ;  and  there  are  so  many  furms  of  carbonate  oflime, 
til*.,:  It  i?  dilUcitlt  lo  select  that  which  most  commonly  occurs. 

Kom.'  du  Lisle  referred  thei^e  variations  of  form  lo  certain  Irunca- 

^i  i'i'i'lii<iisi>t'Hn  inviiriabic  primitive  nucleus  ;  and  GahnancrwHrdso1)^erved. 

^j'^'i""  ili.il  when  a  piece  of  calcareou*  spar  was  carefully  broken,  all  its  pnrti- 
cli'snere  of  a  rhoroboidul  ligure.  This  induced  Bergman  to  suhped 
thi-  t'\i!>tence  of  a  primitive  nucleus  in  all  crystallized  bodies  (Phyti- 
r.i/  nnJ  Cl'tinical  Etmyt,  Vol.  U.  p.  ].)  When  Hauy  entered  this  field 
of  iii4uiry,  he  not  only  corroborated  the  opinions  of  Bergman,  and  sub- 
mitted liiniu'r  hypotheses  lo  experimental  proof,  but  traced  with  mucb 
sii('t't<!i><  the  liins  of  crj stallization  and  pointed  out  the  modes  of  transi- 
tion  from  primitive  to  secondary  figures. — Trailfde  JUimtra  logit,  Paris, 
null. 

I:t.  Thot<e  who  arc  in  the  habit  of  cut- 
ting and  polishing  ccrLiin  gems,  have  long 

*"■>-■>  kiionii  that  Ihey  only  atTord  smooth  eur- 

i.v  bill  fares  when  broken  in  one  dircrlion  ;  and 

" '  -"  III  il  in  other?  the  fnicture  is  irrc^iUr  nnd 
uiii'ven.  Tliis  i*  tlie  case  « ith  rryshiUiz- 
ed  bodies  in  funeral,  if  wc  ;iUempt  to 
spill  il  cube  of  tlimr  sptir  with  the  lilado  of 
a  kni.'c  assisted  Ly  a  hammer  we  shall 
find  Ihiit  it  will  only  yield  kindly  in  the 
dii'eclion  of  the  nolid  angles:  and  pursii> 
iii^  the  divivision  in  these  directioiia  nn 
oi'ltH'droi)  will  be  the  resulting ligu re  as  in 
Ihi-.  di;i)^ram. 

■.'O.  In  spliltin;;;  a  sii-sided  crystal  of  f alca- 

I  ^.'ll^  hpiir,  we  f'md  that  of  (he  sis  edges  oft  he 
niiix-riiir  kise,  three  altenvite  edges  only  will 
M.'U  III  thi;l>lotv  ;  those, for  instance,  mark- 
•'.I  I-.'.',-  ami  the  division  will  take  place 
III  .1  pl.iiii'  ill!  lined  at  an  angle  of  l.-j".  The 
ilni>  iiitiTimili  lie  eddies  resist  this  division. 
Uiii  111  ili«  ivliiiLT  Ihi-  inlerior  base  of  the  ciy>- 
t.il,  ilii'  inlii-iiii'.li.ile  lidf-v  will  iilime  yield, 

II  iiiii'l).  II, ''.  ■'.  Il'wc  continue .tliiis  dissec- 
li.iii  I  i  lh>'  s.iioi'  dirct.tii)iis,  we  shall  at  ien<;th 
.>I-i.mi  ihf  iibliise  ilnimhoid,  which  isheenin 
ilii-  iliiKtiuit  ill  its  Kelatite  situation  to  the 
in. Iiidiii);  piisiu. 
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2 1 .  We  thag  then  arrive  at  the  primitive  form  of  the  calcareous  spar, 
and  from  whatever  secondary  form  it  has  been  obtained,  it  ig  always  n 
rhomboid,  having  obtuse  angles  of  105**  6'.  But  an  obtqse  rhomboid, 
is  also  the  primitive  form  of  other  bodies,  as  of  pearl  spv,  iron  spar, 
and  tourmalin.  But  here  the  inclination  of  the  surface  points  out  a 
difference.  Thus  the  primitive  angle  of  pearl  spar  is  106*'  5',  of  iron 
jpar  107®,  (WoLLASTON,  Phil.  Trafu.  1812,)  and  of  tourmalin  lia** 
lO*. 

22.  These  instances  show  the  necessity  of  being  provided  with  in- 
stmments  for  measuring  the  angles  of  crystals  with  nice  accuracy ;  '"»*"»»»;«»»*  (< 
they  arc  termed  gomoiMters.     The  simplest  of  these  instruments  con-  ■l«ie"of«5f! 
ftibtsof  a  protractor  or  seme-circular  scale  of  degrees,  AA,  and  asmall***** 
]iair  of  compasses  or  nippers,  B  B  B  B,  destined  to  receive  the  crystal. 


BimplcBt  fon 
of  the  goDi« 
mrter. 


The  centre  of  the  pair  of  compasses  is  made  moveable  like  Uiose  of 
the  common  proportional  compasses,  so  as  to  permit  the  legs  B  B,  and 
B  C  B,  to  be  considerably  lengthened  or  shortened,  when  the  two 
pieces  are  applied  to  each  other.  The  fixed  leg  BB,  is  represented  l>"C"piion- 
as  beneath  the  moveable  one  B  C  B,  or  radius,  measuring  90*>,  and  the 
lower  end  of  the  centre  pin,  which  could  not  be  shown  in  the  wood 
cut,  is  made  to  fit  the  hole  or  centre  in  the  protractor  precisely  at  the 
same  time  that  a  stud  or  projecting  piece  of  brass,  being  admitted  into 
the  long  perforation  a  of  the  leg  B  B,  the  piece  becomes  steadily  at- 
tached to  the  protractor  or  semi-circle,  as  is  seen  in  the  Figure. 

The  application  of  this  instrument  is  obvious.     The  crystal  to  be 
measured  is  applied  between  the  compasses,  which  being  thus  set,  are  Arphcf/im 
applied  to  the  protractor,  jmd  the  value  of  the  angle  may  be  read  off 
at  tlie  fiducial  edge  of  the  leg  B  C  B. 

23.  The  rerteclivc  goniometer,  invented  by  Dr.  Wollaston  (PhiL 
Tran^,  1809,)  is  tlie  most  useful  of  these  instruments.  It  enables  us 
to  (lotermine  the  anuik's  even  of  minute  crystils  with  great  accuracy  ; 
a  nij^  of  light  rrfloct<Ml  from  the  surface  of  the  cryj?tal  being  employ- 
ed jis  nuJius,  instead  of  the  surface  itself.  Mr.  W.  Philips  has  given 
the  following  description  and  practical  details  for  the  use  c4  this  instru- 
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ment,  in  his  liUroduetw. 
here  transcribe. 


to  Mineraiogjif  which,  with  his  pertnissiftii,  I 


"  abls  the  principal  circle  graduated  on  one  edge  to  half  degrees, 
and  divided  for  convenience  into  two  parts  of  180"  each  ;  (it  is  gra- 
graduntpd  only  in  part  in  the  aboTe  sketch.) 

"  f  Is  a  brass  plate,  screwed  upon,  and  supported  by  the  pillar  d, 
and  graduated  as  a  vernier. 

"//  Is  the  axle  of  the  circle  a  b,  and  passes  throngh  the  upper 
pan  of  the  two  pillars  de,  the  other  ends  of  which  are  ioserted  into  a 
wooden  base  tn. 

"gh  Is  an  axle,  enclosed  within  //,  and  tnmed  by  means  of  the 
smallest  circle  t,  which  communicates  a  motion  to  all  the  apparatns  on 
the  IcA  of  kf  without  moving  the  principal  circle  a  b. 

"A  Is  a  circle,  to  which  is  attached  the  axle  of  the  principal  circle. 
If  therefore  we  would  move  the  latter,  it  will  be  done  by  moving  ifc; 
and  as  the  axle  of  the  principal  circle  includes  that  of  the  apparatoB 
on  the  left  of  h,  we  necessarily  give  a  motion  to  the  whole  instrument 
by  moving  the  circle  It, 

"  These  two  movements  being  understood,  let  ns  now  suppose  that 
we  want  to  measure  a  crystal ;  a  rhomboid  of  carbonate  of  lime,  for 
instance. 

"  Let  I  be  the  rhomboid,  attached  by  means  of  wax  to  one  end  of  a 
plate  of  brass  n  ;  the  other  end  of  the  plate  being  placed  in  a  slit  in 
the  upper  part  of  the  circular  brass  stem  o,  which  passes  through  the 
tube  p,  to  which  it  is  so  adjusted  as  to  allow  of  being  moved  either  up 
or  ilown,  or  circularly,  by  means  of  the  circle  j, 

"The  tubcp  is  fixed  to  the  curved  brass  plate  r,  which  is  attached, 
hut  so  as  to  allow  of  motion,  to  another  cnr>-ed  plate  s,  by  means  of  a 
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|tin  ty  the  other  end  of  the  latter  plate  being  connected  with  the  con- 
cealed sxlegh,  to  which  a  motion  is  given  by  turning  the  little  circlet. 

^^  By  means  of  the  pin  t  and  the  tube  />,  therefore,  we  have  two  mo- 
tions, in  addition  to  the  two  before  described  as  belonging  to  the  axles 
of  the  instrument.  The  inner  axle,  however,  may  be  said  to  be  the 
centre  of  all  the  motions.  It  will  therefore  be  of  advantage  that  the 
rhomboid  of  carbonate  of  lime  should  be  placed  as  nearly  on  a  line 
with  that  axle  as  possible  :  this  will  be  sufficiently  adjusted  by  means  of 
the  stem  o,  which  admits  of  being  raised  or  depressed  at  pleasure. 

*^  The  use  of  this  instrument  depends  on  the  reflecting  power  of  the 
polish  on  the  natural  planes,  or  fractured  surfaces  of  minerals :  and 
that  this  is  in  some  cases  very  powerful,  any  one  may  convince  himself  AppUe«tiM- 
by  looking  upon  a  very  briUiant  plane,  held  beneath  the  eye,  with  its 
edge  nearly  touching  the  lower  lid,  and  not  far  distant  from  a  window ; 
he  will  then  observe  the  reflection  of  the  bars  very  distinctly. 

^*  Let  us  then  suppose  the  goniometer,  as  above  represented,  to  be 
distant  from  a  window  from  eight  to  twenlir  feet. 

**^  Let  then  t  be  a  black  line  (the  use  of  this  is  essential)  drawn  on 
the  wainscot  between  the  window  and  the  flour,  and  perfectly  parallel 
with  the  horizontal  bars  of  the  window. 

**  If,  then,  the  eye  be  placed  almost  close  to  the  rhomboid  1,  a  re- 
flection of  one  of  the  bars  will  be  seen  on  one  of  its  planes. 

*'  Let  us  suppose  the  reflection  to  be  in  the  direction  of  the  lower 
dotted  line  on  the  plane  ;  and  it  will  be  clear  that  it  cannot  be  paral- 
lel with  the  bar  of  the  window,  not  being  even  with  the  black  line  v. 
It  must  therefore  be  adjusted.  This  may  perhaps  be  done  by  slightly 
drawing  to  the  left  the  circle  9,  which  communicates  motion  by  means 
of  the  pin  t;  or  perhaps  it  may  be  done  by  giving  a  circular  motion  to 
the  stem  o.  By  one  of  these  two  motions,  or  by  both,  it  may  certain- 
ly be  eflected. 

*'''  If,  however,  the  reflection  appears  to  be  like  the  upper  dotted 
line,  that  is,  parallel  with  the  black  line  v,  we  must  first  convince  our- 
selves that  it  is  so,  simply  by  depressing  the  crystal  a  little  by  means  of 
moving  the  Uttle  circle  1,  so  as  to  bring  the  reflection  upon  tJie  black 
line.  ** 

**  This  being  adjusted,  which  must  be  done  precisely,  we  then  turn 
the  crystal,  by  turning  the  little  circle  t,  until  the  reflection  of  thejsame 
bar  be  seen  on  the  next  plane,  perfectly  on  a  line  with  and  upon  the  black 
line  V, 

"  However,  in  adjusting  the  second,  we  may  disturb  the  first  reflec- 
tion. By  perseverance  it  will  be  found  that  both  can  be  adjusted  by 
means  of  oup  or  other  of  the  movemeuts  by  the  stem  0,  or  the  pin  t,  or 
by  the  help  of  both,  and  a  short  experience  will  do  away  the  chief  dif- 
ficulties. 

*'  Both  reflections  being  precii«e,  we  are  now,  by  means  of  the  cir- 
cle ik,  to  turn  the  principal  circle  until  it  is  arrested  by  the  stop  x  on 
the  pillar  d ;  it  will  then  be  found  that  one  hundred  and  eighty  on  the 
principal  circle,  coincides  witli  o  on  the  vernier. 

'*  In  doing  this,  however,  we  may  slightly  disarrange  the  reflections 
on  the  plane  of  the  crystal,  which  may  be  re-adjusted  simply  by  mov- 
hig  the  little  circle  i,  which  will  not  disturb  the  principal  circle  a,  b ; 
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wc  mxi9t  be  certain,  however,  that  t>ne  hundred  and  tigfuy  on  it  forms  a 
line  "jcitk  o  on  the  vernier^  at  ike  same  time  that  ih^i  reflection  ofllu  bar  u 
.<ccn  alomr  the  black  tine, 

"  One  Kiovcmrmt  more,  and  tlie  measurement  will  have  been  made. 
Turn  the  circle  /:,  keeping  tbc  eye  almost  close  to  the  rhomboid,  until 
the  rejection  of  the  same  bar  is  seen  on  tbi'.  ailjoining  ^hme  precisely 
iqiiu  the  black  line  r,  and  the  operdtion  is  complcled. 

*'  It  niu!.t  then  be  observed  what  proportion  of  the  principle  circle 
huA  been  moved.  Suppose  that  105  on  it,  be  now  on  a  line  with  o  on 
the  vernier ; — it  is  the  value  of  the  angle.  But  suppose  it  to  be  a  lit- 
tle more  than  105  and  less  than  10&| :  it  must  then  be  observed  whiek 
line  of  the  vernier  touches  y  or  forms  bvt  one  line  with,  another  line  on  the 
principal  circle  :  suppose  it  to  be  5  on  the  vernier,  the  angle  is  then 
\0b^  5',  which  is  the  true  value  of  the  obtuse  angle  of  a  rhomboid  of 
carbonate  of  lime. 

''  I  have  been  the  more  particular  in  the  above  description  from  be- 
ing aware  that  the  use  of  this  elegant  instrument  is  commonly  consider- 
od  to  be  extremely  diiRcult,  and  that  it  is  by  some  supposed,  that,  in 
taking  an  angle,  it  is  ef^sential  to  keep  the  head  in  one  position,  which 
will  clearly  appear  not  to  be  requisite.  We  may,  on  the  contrary  per- 
form any  part  of  the  operation,  and  after  the  lapse  of  hours  complete 
it. 
fc'cHhrrre-  '*  It  may  uot  bc  amiss  to  subjoin  a  few  hints  connected  with  its  accu- 
narktupon  itspg^^  UBC.  In  tlic  firstplace,  it  should  be  observed,  that  whan  the  cir- 
cle is  arrested  by  the  stop  x,  180*  on  it  ie  procieoly  on  a  line  with  o  on 
the  vernier  :  this  must  be  exact. 

**  Some  difficulty  will  at  first  be  found  in  attaching  the  fragment  of 
the  crystal  to  the  wax  (which  must  be  warmed,)  nearly  in  the  requir- 
ed position.  In  doing  tliis,  it  will  be  found  of  some  advantige  to  hoM 
the  mineral  in  such  a  direction,  that  the  edge  between  the  two  planet 
to  be  measured,  shall  be  in  a  horizonUd  position,  and,  as  nearly  as  pos- 
sible, parallel  with  the  bar  of  the  window.  It  will  be  best  to  begin  with 
some  substance  which  is  brilliant  not  more  than  one-third  of  an  inch  in 
diameter,  and  of  which  the  angles  are  known.  Fragments  of  transpa- 
rent calcareous  spar,  or  sulphate  of  barytcs,  are  well  adapted. 

<'  The  perfect  steadiness  of  the  instrument  w  essential.  A  small, 
squaie,  and  very  solid  table,  standing  tirmly,  will  1>c  useful:  but  this 
may  not  be  high  enough  to  raise  the  instrument  to  the  eye  of  the  ob- 
server without  supporting  the  goniometer,  which  must  be  so  fixed  as 
not  to  shift  its  pluce  while  moving  the  circles,  or  by  a  casual  touch. 
Su)) posing  the  table  to  be  of  the  ordinary  hcij^ht,  some  support  for  the 
goniometer  a  foot  almve  it,  will  be  rcquisjjte  to  elevate  it  to  the  eye  of 
an  observer  while  tjitting.  This  support  should  be  made  in  the  form 
v{  apvrauiid,  with  a  peiiectly  fiat  base,  and  a  truncated  summit,  on 
which  the  goniometer  may  stand,  or  rather  may  be  fixed,  by  sliding  itF 
wooden  base  m  along  it ;  so  that,  in  two  opposite  places,  it  shall  be  con- 
iiued  by  two  pi«»coft  of  woo<l  y  y,  hollowed  for  the  purpose  of  receiv- 
mg  it.  Tliis  pYramid  will  afford  an  opening  in  the  upper  part  for  the 
•goniometer  wlien  out  of  use,  while  the  lower  may  be  conveniently 
cupied  bv  a  drawer.'* 
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24.  Id  following  die  method  above  deachbed,  (20)  Haaj  obtuned^, 
)ix  pWnwtnx  fimns.  «.' 

i.  Tfae  nbe,  [wtrallelopipedon,  4^. 


ii.  Tbe  tettafidroB. 


,  iii.  Tiie  octoedroa. 


IT.  The  bexangalar  prism 


r.  Tbe  rhombic  dodecaedroo. 


o 
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«i.  Tho  ilodccutdron  with  igocelea  triangular  facet- 


♦ 


2S.  These  primitive  form*,  hy  farther  mechaniciU  analjrsie  taay  be 
b",!^     *  ''rediicp'l  to  Ihrcc  iittegrat  tUmenU. 

i.  ']'lic  p:irHlk-lo|n(>ed,  or  aimplest  aoUd,  having  six  surface*,  poral- 
kl  livo  tnid  two.  (i4.  i.) 
ii.  The  triangular,  or  simplest  prism,  bounded  by  tire  surfaces. 


iii.  1'liG  tctruedron,  or  simplest  pyramid,  bounded  by  four  snrfices- 
(24.  ii.) 

26.  The  iteondary  formi  are  supposed  to  arise  from  decrements  of 
'*,]  particle!)  tukirig  plnce  on  diflerent  ed|res  and  angles  of  the  primitive 
forms.  Thus  a  cube,  havirig  n  seric»i  of  ilecrcasing  layers  of  cubic 
pnrticles  upon  each  of  itH  six  fnces,  will  become  a  dodecacidron,  if  the 
ilecremcnt  he  upon  the  edge?  ;  but  an  octotidron,  if  upon  the  angles ; 
and  by  irregular,  intermediate,  and  mixed  decrements,  an  infinite  va- 
riety of  secondary  forma  would  ensue,  as  the  tinnexcd  &gures  show. 
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ST.  But  in  crystallography  we  meet  with  appearanccn  which  Iluuy'aoi, 
tittory  hill  imperfectly  eipliins.  A  slice  of  fluor  *piir,  for  inttjincc,  oh-  "■ 
tiiHd  by  mnlcing  two  successive  and  parallel  licctiona,  may  be  divided'^ 
iun  Bcn'te  rhomboids  ;  but  theiie  ere  not 
tl)c  pTinutive  form  of  the  spar,  becituseby 
Uk  removal  of  a  tetratilron  from  each  ex- 
Inmitvofthe  rhomboidimoctoudron  is  ob- 
tained' Thiu.  as  the  whole  mass  of  Buor 
mav  be  divided  into  tetnii-Jra  nnd  octoGdra, 
il  lie  come-  a  (^iie^tton  which  of  ttii'scfurms 
i^  to  be  called  primitive,  especially  as  nei- 
ther of  lliem  CUD  fill  space  without  leav- 
injt  varnitie-i,  nor  can  they  produce  any 
.irr.ir.trment  ?ufficicntly  sUiWc  to  form  the 
Wi-  [if  n  permanent  cryetul. 

2S.  To  iibviate  this  incongruity.  Dr.  Wollaston  {Phil.  Trfjti.  lfiI3,)  ^, 
bt-  very  intrenionsly  proposed  to  roneider  the  primitive  pHTtidos  asiin 
^phrrt"-.  wliich,  by  mutual  attroction,  have  assumed  thai  arrangcmeut 
>'i]'h  lihtii;^  them  an  near  as  possible  to 
«'h  ..ther.     When  a  number  of  simi-  " 

Ur  !i;-lls    are   pressed  together  in   the 
^m"  phint'.  Ihey  form  equiluteml  trian- 
llr.   Hiih    e.ich  other;  and  if  liallu  so 
fl/'ij  norc  cemented  together  )>nd  af- 
i-rn..rii-  l>n>l(en  ;u«uoder,  the  vtriiight  lines  in  which  they  would  be 
.ii.p.-i;J  to   separate,  would  form  angles  of  CO" 
Kiili  f,tr\i  other,     A  single  ball,  placed  any  where 
'a  'hi-  str.ilum,  would  touch  three  of  the  lower 
it-IU.  :<ni1  the  pliiiie*  touchini;  their  surfaces  would 
it*;;  III'  Imle  .'i  reiular  telmdron.      A  square  of 
tVjr  l,.(M-.  with  n  single  hall  rcstinj;  upon  the  cen- 
tre nf  tr.ir.h  -iurfacc,  would  form  an  octot  dron  ;  and 
<pan  'j'j'hirig  mo  other  balh  at  opposite  sides  of 
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Ihi!>  orlo^ran.  the  poap  will  represent  the  acute 
rli»uil>"itl-  Thus  the  difliculty  of  the  primitive 
fot'rit  iit'  tliidr.  iibove  alluded  to,  is  done  Hwuy,  by 
iissiiiuiiii;  ii  sphere  at  the  ultimate  molecula.  By 
oMiiv  Mid  tfbloDg  spheroids  other  forms  may  be 
obl^iiucd. 


?f).  The  subject  of  crystallization  haa  more  lately  e^fr;^rod  the  attei- 
tiim  i>f  Mr.  J.  F.  l):miel{(iuarlcrlij  Journal  of  fkifttreandthe^rU,Vah 
\  i.)  and  hi^  rcsenrche?  have  produred  some  ^ingnliu-  confirmations  of 
"l>r.  Wolbslou's  hypodicHi'.  If  an  (imuq>hou8  piece  of  alum  be  io- 
nicr!^cd  in  vrMcr  imd  Ictl  (|>iiel]y  to  di'sotve,  at  tla?  end  of  abont  Ihrea 
weoks  we  r^hidl  ulixerve  Innt  it  hiiH  been  unequally  iicted  upon  by  the 
flnid  :  the  mass  will  present  the  forms  of  oclo^dra,  and  sections  .11  uc- 
(ot'drn.  as  it  were  curved  or  stamped  upon  its  surface,  as  seen  in  these 
figures : 


I'h)*  Mppcaranre  ia  produced  when  the  attraction  of  the  water  for 
■  '  -lid  it  iiiMrl_v  con  liter- balanced  by  its  mechanical  texture.  The 
t^tAt  tvniied  by  this  species  of  dissection  are  highly  curious,  froB 
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their  modifications  and  relative  positions,  as  the  same  oronp  presents 
the  primitiTe  form  iis  well  as  its  truncations  and  decrements.  Other 
talis  yield  other  6gure8,  and  by  more  complicated  chemical  action,  as 
of  acids  opoD  carbonate  of  lime,  the  metals,  4*^.,  analogous  results  are 
obtained.  Here  then,  instead  of  dividing  a  crystal  by  mechanical  force 
its  stmctnre  is  gradually  developed  by  the  process  of  solution.  In  tliese 
cases  two  circumstances  are  particularly  remarkable  :  the  crystals  are 
different ;  and  their  forms  vary  with  the  different  faces  of  the  origin&l 
mass.  In  one  direction  we  ol^erve  octoedra  and  sections  of  octoedra ; 
in  another,  parallelograms  of  every  dimension,  modified  with  certain 
determinate  intersections. 

If,  in  neither  of  these  positions,  we  turn  the  mass  upon  its  axis,  the 
•ame  figures  will  be  perceived  at  every  quadrant  of  a  circle ;  and,  if 
we  suppose  the  planes  continued,  they  will  mutuidly  intersect  each  o- 
ther,  and  various  geometrical  solids  will  be  constructed.     In  this  way, 
alum  alone  furnishes  octoedrons,  tetraedrons,  cubes,  four  and  eight-sid- 
ed prisms  either  with  plain  or  pyramidal  terminations,  and  rhombic 
parallelopipedons.     It  is  evident,  then  that  no  theory  of  crystallization 
can  be  admitted,  which  is  not  founded  upon  such  a  disposition  of  con- JJj^|^^". 
stitnent  particles,  as  may  furnish  all  these  modifications,  by  mere  ah- 017. 
Btraction  of  certain  individuals  horn  the  congeries,  without  altering  the 
original  relative  position  of  those  which  remain  ;  and  these  conditions 
may  be  fulfilled  by  such  an  arrangement  of  spherical  particles,  as  would 
arise  from  the  combination  of  .m  indefinite  number  of  balls  endued 
with  mutual  attraction  and  no  other  geometrical  solid  is  adequate  to 
the  purpose ;  and  where  bodies  afford  crystals  differing  from  the  oc- 
toedral  series,  an  analogous  explanation  is  furnished,  by  supposing  their 
constituent  particles  to  consist  of  oblate  spheroids,  whose  axes  bear 
different  proportions  to  each  other  in  different  substances.     Hence  we 
may  also  conclude,  that  the  internal  structure  of  all  crystals  of  thel°jj™^„*^^^; 
same  body  is  alike,  however  the  external  shapes  differ.     In  corrobo- «*i«.  of  i*>e 
ration  of  the  above  hypothesis,  we  may  remark,  that  the  hexaedron  is,'^';'*"  '^""" 
of  all  geometrical  figures,  that  which  includes  the  greatest  capacity 
nnder  the  least  surface.     If,  therefore,  the  ultimate  particles  of  crys- 
talline bodies  be  spheres  or  spheroids,  the  greatest  possible  number  in 
the  least  space  will  be  included  in  this  form.     It  is  probable  that  the  P«>»>»['»'''»y^ 
extenor  shape  ot  every  crystal  is  determmed  by  the  nucleus  first  form-rjur  ihape  ta- 
cd  by  a  certain  definite  number  of  particles,  which,  by  the  power  ofJ^J^rds  up!» 
mutual  attraction,  overcome  the  resistance  of  the  medium  in  which'"-  i'-mberof 
they  were  suspended  or  from  wliich  they  were  separated.     This  num-la  in  2e"n«H 
ber  may  vary  with  the  solvent,  or  otiier"  contingent  circumstances. *^'*"'- 
Four  spherical  particles,  thus  united,  would  balance  each  other  in  a  Their  namber 
tctraedral  group,  six  in  an  octotidnil  group,  and  each  would  present  **>  ^*^y^^J^^ 
particular  points  of  attraction  to  which  all  subsequent  deposits  would  &c. 
be  directed.     Now,  let  us  imagine  two  nuclei  formed  in  the  same  so- 
lution, whose  axes  run  in  contrary  directions  ;  their  increase  will  con- 
sequently be  in  contrary  directions,  and  each  will  attract  a  particular 
system  of  partirles  from  the  surrounding  medium.     If  these  two  sys- _^     ,       , 

111  111-  ^  1.  -11  1      The  plane  of 

terns  shouM  cro^^s  each  other  in  their  course,  a  greater  number  will  be  intcrwction 
brought  within  the  sphere  of  nintual  re-action  at  the  point  «f  junction,  J^JJ^[°^* J*,, 
and  they  ought  to  arrange  themselves  in  the  least  possible  compass.  >sob. 
The  facts  here  answer  to  the  theory.     If  we  select  any  crystsds,  hav- 
ing others  crossing  them  nearly  at  riglit  angles,  and  separate  them,  the 
points  of  junction  inrariably  present  an  hexucdral  arrangement. 
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30.  In  connexion  with  chemistry,  the  theory  of  cr 
CoonexioB  of  8  new  avenue  to  the  science,  and  frequently  enabl 

!nth**iiiVmii°^''^®c*^y>  ^^^^  which,  independent  of  such  aids,  con 
■7-  at  by  an  indirect  and  circuitous  route.     We  frcquci 

mical  nature  of  substances  in  their  mechanical  forms 
lo^ist,  an  intimate  acquaintance  with  tlie  crystalline 
cations  of  natural  bodies  is  essentially  requisite.  1; 
of  crystallization  may  be  contfiderod  as  one  of  the  «^ 
Qseful  branch  of  natural  history,  and  it  is  to  the  inde 
of  Haiiy  that  much  of  its  present  perfection  is  to  be 
arts,  the  process  of  crystiMbzatiou  is  turned  to  very 
in  the  separation  and  purification  of  a  variety  of  sul 


Section  II.    Heterogeneous  Attraction^  or 

cb«mic«i  at-     ^^'  ^®  ^^^^  hithcrto  considered  Attraction  as 
tractionoraffi-cles  of  bodics  to  adhere  so  as  to  form  masses  or 
""^'  many  instances,  to  arrange  themselves  according 

to  assume  regular  geometrical  figures.    We  are  no ' 
as  operating  upon  dissimilar  particles  ;  as  presid 
tion  of  bodies ;  and  as  producing  their  chemi« 
Chemical  Attraction,  or  Affinitv. 
RmuI    fihi      ^^'  '^'  intoaglass  vessel,  exhausted  of  air, 
fttifftctira.    '  phur,  and  copper  filings,  and  heat  applied  so 
will  presently  combine  with  the  latter.    We 
this  attraction  between  the  sulphur  and  copi 
produced  has  not  the  intermediate  properti* 
it  presents  new  characters.     2.  That  mncl 
during  the  mutual  action.    3.  That  solpl 
certain  proportions  only. 

33.  In  liquids  and  gases,  similar  chanr 
g^i;j_jl^ijhibited,  and,  in  many  cases,  a  change  of 
the  combination  of  aeriform  bodies  prod 
and  ammoniacal  gases  produce  the  fia' 
Oajeoo        ^^^  combustion  of  gunpowder  offers  ; 
version  of  solid  into  aeriform  matter. 
olefiant  gas  is  mixed  with  chlorine.     •' 
shown  by  trituratmg  crystals  of  GlauV 
^vA^         and  in  the  action  of  concentrated  sola^ 
nate  of  potassa,  liqnids  form  a  solid, 
one  part  of  nitric  acid  is  mixed  wit? 
ensues,  and  aeriform  matter  is  copl 
ThAeMBpooBd     ^'^'  ^^  ^ome  cases  of  combinnl* 
■ujhartiorRe  but  little  from  its  compouent  part? 
BiiUrtoiuooB- obvious  m  it.     1  his  IS  especial! 
•tiuieou.       substances  in  water  and  other  Ati  i 
retain  their  saline  and  sweet  * 
.  changed  being  that  of  cohesion 

H^'ucT  '"■     35.  In  other  cases,  the  prop 
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Qt  a  more  complete  view  of  the  change  is  giren  id  the  foUowii^  dia- 
frain,  where  the  bodies  before  mixture  are  placed  upon  the  outside  of 
the  perpendicular  lines;  their  component  parts  are  shown  within 
them ;  and  the  new  results  on  the  outside  of  the  horizontal  lines. 


Nitrate  of  Soda. 


Nifnteor 


Sulphate 
ofMaT 


Sulphate  of  Bar}ia. 

46.  It  is  obvious,  from  the  uniform  results  of  chemical  action  that, 
affinity  must  be  governed  by  certain  definite  laws,  by  which  its  results  9*''"'*»<^*'  ■*: 
are  determined,  and  upon  which  its  uniformity  depends.     Attention  by      de&aitc 
was  first  called  to  this  subject  by  Mr.  Higgins  in  1789, — (Comparative^^''*' 
View  of  the  Phlogistic  and  Antiphlogistic  Theories.)     He  conceived 
that  chemical  attraction  only  prevailed  between  the  ultimate  particles  ^'«8""*  »^«*- 
of  simple  elementary  matter,  and  between  compound  atoms ;  and,  in 
applying  this  idea  to  chemical  theory,  he  expressed  by  numbers  the  re- 
lative forces  of  attraction  subsisting  between  the  different  kinds  of  ulti- 
mate particles  and  atoms  of  matter. 

These  views  were  subsequently  extended  and  improved  by  Mr. 
Dalton,  and  have  since  engaged  the  attention  of  some  of  the  most  emi-  JJ^^*,  \^l^ 
nent  chemical  philosophers ;  among  whom  we  may  enumerate  Gay-  ^j  Daitoa. 
Lussac  and  Berzclius,  Davy,  Wollaston,  and  Thomson. 

46.  The  atomic  doctrine  or  theory  of  definite  proportionals,  has  been 
much  blended  with  hypothetical  views  ;  but  it  will  be  most  satisfacto- 
rily and  usefully  considered  as  an  independent  collection  of  facts.* 

When  bodies  unite  so  as  to  form  one  compound  only,  that  compound 
always  contains  the  same  relative  proportions  of  its  components  ;  and 
where  two  bodies  unite  in  more  than  one  proportion,  the  second,  third, 
4*^.,  proportions  are  multiples  or  divisors  of  the  first.  This  law  is 
well  exhibited  in  the  combinations  of  gaseous  bodies.  These  are  seen^jjjj^  ''»• 
to  unite  in  simple  ratios  of  volume.  Water  is  composed  of  hydrogen 
and  oxygen,  and  1  part  by  weight  of  the  former  gas,  unites  to  8  of  tko 

*  See  note  at  the  end  of  the  Tolomt* 
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Salutation* 


Neutralixa- 
tioo. 


latter.  The  specific  gravity  of  hydrogon  compared  with  that  of  oxy- 
gen, is  as  1  to  15  ;  it  is  obvious,  therefore,  that  one  volume  of  hydro- 
gen unites  to  half  a  volume  of  oxygen,  and  that  the  composition  of 
water  will  be  represented  by  weight  and  volume  thus  : 


1 

Hydrogen. 

8 
Oxygen. 

Muriatic  acid  gas  consists  of  1  part  by  weight  of  hydrogen  and  36.0 
by  weight  of  cidorine.  The  relative  specific  gravities  of  these  gases  are 
as  1  to  36.0.  It  is  obvious,  therefore,  that  they  combine  in  equal  vo- 
lumes>  and  that  muriatic  acid  gas  may  be  thus  represented : 


1 

Hydrogen. 

36.0 
Chlorine. 

Carbonic  acid  unites  to  potassain  two  proportions,  and  forms  two  de- 
finite compounds.  In  the  one,  70  parts  of  potasso  are  combined  with 
30  of  carbonic  acid  ;  in  the  other,  70  of  potasso  are  iwted  to  60  of 
carbonic  acid.  "^ 

Lead  combines  with  oxygen  in  three  proportions  ;  the  first  compound 
consists  of  100  lead  -(-  8  oxygen  ;  the  second,  of  100  +  12  ;  the  third, 
of  100  +  16. 

47.  All  cases  of  chemical  combination,  in  which  the  qualities  of  the 
component  ports  are  no  longer  to  be  detected  in  the  compound,  or  in 
which  a  neutral  body  is  produced,  are  obedient  to  these  laws  of  union  : 
But  in  some  instances  bodies  may  be  said  to  unite  in  all  proportions,  af 
water  and  alcohol,  4^c.  Other  bodies  combine  in  all  proportions  up  to 
a  certain  point  only,  and  beyond  that,  combination  no  longer  ensues. 
Thus  water  will  take  up  successive  portions  of  common  salt,  until  at 
length  it  refuses  to  take  up  more,  or  is  saturated;  and  this  always  oc- 
curs when  the  water  has  dissolved  a  definite  weii^ht  of  the  salt. 

48.  The  term  neutralization  \^  applied  to  cavups  in  which  bodies  HIQ* 
tually  disguise  each  other's  properties,  as  is  especially  exemplified  in 
the  union  of  acids  with  alcalis  ;  as  of  siilphurir  ncid,  for  instance,  with 
solution  of  potassa.  The  arid  reddens  violet  juice,  and  is  sour.  The 
pot;\?sa  con  vert -5  the  bhte  to  ;;roen,  and  is  a^rid.  If  the  acid  solutioil 
be  gradually  added  to  tbealcnline,  we  shall  find  that,  at  a  certain  point, 
the  taste  will  atitbcr  be  acid  nor  acrid,  but  .-ilisrlitly  saline  and  bitter, 
nor  will  there  be  jny  cfioci  produced  upon  the  vegetable  blue.  Thus 
the  acid  is  neutralized  by  the  s*lc:ili,  and  the  compound  has  been  term- 
ed a  neutral  salt. 

49.  When  we  have  ascertained  the  proportion  in  which  any  two  Ot, 
more  bodies  of  one  class,  a  b  r,  neutralize  another  body  :r  of  a  differ* 
ent  class,  it  will  be  found  that  the  same  relative  proportion  of  a  6  e, , 
4*c.,  will  be  required  to  neutralize  any  oilier  body  of  the  same  class  at. 
X.     Thus,  since  100  parts  of  sulphuric  acid,  and  G8  (omitting  fractionSvy^j 
of  muriatic  acid,  neutralize  118  of  potassa,  and  since  100  of  sulphi 
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neatralize  71  of  lime,  we  may  infer  that  68  of  muriatic  add  wiU  ako 
neutralize  71  of  lime. 

50.  If  the  quantities  of  two  bodies  A  and  B,  that  are  necessary  to 
saturate  a  giyen  weight  of  a  third  body,  be  represented  l)y  q  and  r, 
these  quantities  may  be  called  equivalents.  Thus  in  the  above  exam- 
ple (49,)  100  parts  of  sulphuric  acid  and  68  of  muriatic  acid,  are  equi- 
valents  of  each  other.  A  column  of  equivalent  numbers,  of  great  use  £  .^^  . 
in  chemical  calculations,  will  be  found  in  the  tables  inserted  in  another 

part  of  this  work.  By  adapting  a  table  of  this  sort  to  a  moveable  scale, 
on  the  principle  of  Gunter's  sliding  rule.  Dr.  Wollaston  has  construct- 
ed a /ogom^/n'c  scale  of  chemical  equivalents^  which  is  capable  of  solving 
with  great  facility  many  problems  of  chemistry. — PhiL  Trans,  1814. 

51.  By  prosecuting  chemical  analysis,  we  arrive  at  a  certain  num- 
ber of  principles  or  elements;  that  is,  of  bodies  which  have  not  hitherto 
been  decomposed. 

The  nature  of  compound  bodies  is  demonstrated  by  two  kinds  of  ufo^et  af  ••. 
proof — synthesis  and  analysis.     Synthesis  consists  in  effecting  the  che-  ccrtaiDin^  tk« 
mical  union  of  two  or  more  bodies,  which  by  analysis  are  again  ofTodiM!*** 
separated  from  each  other.     The  term  proximate  analysis  has  ^een 
applied  to  the  separation  of  two  bodies  which  are  themselves  com- 
pounded ;  and  ultimate  analysis  to  the  farther  separation  of  these  com- 
pounds into  their  components.     The  composition  of  blue  vitriol  is  5^- 
Uutically  demonstrated  by  uniting  sulphuric  acid  to  oxide  of  coppei^— 
analyHcally  by  separating  these  proximate  elements  from  each  other. 
Bot  the  sulphuric  acid  consists  of  sulphur  and  oxygen ;  and  oxide  of 
copper  confute  of  copper  and  oxygen  :  consequently,  we  should  say 
that  the  ultimate  component  parts  of  blue  ^^K^  ^^  copper,  sulphur, 
and  oxygen.  '-'^ 


.    Section  III.     Heat, 


52.  Heat  may  be  considered  as  a  power  opposed  to  attraction,  for 

it  tends  to  separate  the  particles  of  bodies  ;  and  whenever  a  body  is  ^".-^in '^  ^Jjl 
heated,  it  is  also  expanded.     Expansion  is  the  most  obvious  and  familiar  tractioa. 
effect  of  heat ;  and  it  takes  place,  though  in  different  degrees,  in  all 
forms  of  matter.     Solids  are  the  least  expansible, — liquids  expand  more 
readily  than  solids, — andgasses  or  aeriform  bodies  more  than  liquids. 

53.  When  a  body  has  been  expanded  by  heat,  it  regains  its  former  ^  ,„^„j^ 
dimensions,  or  contracts,  when  cooled  to  its  former  temperature.  moit  bodiei. 

64.  Different  bodies  expand  differently  when  equally  heated.     The  ^^^^^ 
metals  are  the  most  expansible  solids  ;  but  among  them,  zinc  expands  diferent  pow- 
morc  than  iron,  and  iron  more  than  platinum.  ^"^°^  "P*^ 

The  following  table  shows  the  relative  expansibility  of  some  of  the 
metals,  when  their  temperature  is  raised  from  the  freezing  to  the  boiling 
point  of  water. 


PlilinDfi. 

«,„>. 

In*. 

38» 

120000 

120000 

120000 

212" 

I 301 04 

120147 

120161 

■r.mpr^wr.. 

C<„,pr. 

Biwi. 

T,. 

32- 

120000 

120000 

120000 

212" 

120204 

120230 

120290 

t™.™.... 

L<^ 

Zi«, 

32« 

120000 

120000 

212" 

120343 

1203,10 

65.  LiquiHs  differ  also  in  their  rcliitivc  expna'ibilitiea :  ether  ii 
more  expunsible  llian  spirit  of  wine,  and  spirit  more  Oiiin  water,  and 
Wider  more  tnun  mercury.  Those  liquids  are  gcnerallj  most  expansi- 
ble  which  boil  at  the  lowest  tempemturc. 

The  following  Table  shows  tlie  rate  of  expansion  of  seven))  liqaidi : 


■J  Auilt. 


,...,. 

Jll-rturi-. 

TIITi 

^JvTT 

i'AT 

v'J^'^t. 

,llrl,<Aol. 

32" 

lllOOOt 

lOOOOC 

lOOOOt 

40 

10001!  1 



99762 

9951-5 





10003< 

60 

luoia; 



lOOOOf 

lOOOOt 

10002; 

lOOOOt 

101105 

60 

10030-1 



10027f 

10048C 

100091 

10046( 

10168! 

70 

100406 

— 

100S5E 

10099( 

10019-; 

10099^ 

102881 

80 

I0060E 

— 

100806 

10153( 

100332 

101471 

102891 

tlO 

lOOfiK 

— 

10105.1 

10S08( 

10069^ 

101931 

1036r 

mo 

I 007 12 

10276C 

101317 

10262( 

10090! 

10244b 

10416! 

no 

10081: 



101541; 

103196 



10294; 



120 

100!)  15 



10183J 

103776 

10140-) 

103421 



130 

101011 



102097 

104352 



103954 



140 

10111! 



102321 

105132 



10467; 



150 

\V\22i 



10261^ 

— 

102011 



IGO 

101322 



10289; 







170 

1014  a- 



10311! 

— 







ISO 

101626 



10333! 









130 

10162! 



103687 

— 

103611 





200 

10173( 



103911 









'?12 

101833 

1075^0 

— 

— 

104577 

- 

— 

Rue  nf  u-       5g,  Iq  ^)  pure  gaseoaa  bodies,  the  rate  of  ezpanunit  for  Mniilwib- 

n»l(°[UTi>- crease  of  temperature  is  similar :   100  meainreB  of  air,  when  hea**' 

•*  from  the  freezing  to  the  boiling  point  of  ?    ' 

bulk  =37,6  puts  at  meao  prcMure. 
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Temper. 

Bulk. 

Temper. 

Bulk. 

Temper. 

Bulk. 

32* 

100000 

59« 

105616 

86« 

111232 

33 

100208 

60 

105824 

87 

111440 

34 

100416 

61 

106032 

88 

111648 

33 

100624 

62 

106240 

89 

111856 

36 

100833 

63 

106448 

90 

112064 

37 

101040 

64 

106656 

91 

112272 

38 

101248 

65 

106864 

92 

112480 

39 

101459 

66 

107072 

93 

112688 

40 

101C66 

67 

107280 

94 

112896 

41 

101872 

68 

107488 

96 

113104 

42 

102080 

69 

107696 

96 

113312 

43 

102290 

70 

107904 

97 

113520 

44 

102496 

71 

108112 

98 

113728 

45 

102708 

72 

108320 

99 

113936 

46 

102916 

73 

108528 

100 

114144 

47 

103124 

74 

108736 

110 

116224 

i  ^2 

103333 

75 

108944 

120 

118304 

1  49 

103536 

76 

109152 

130 

120384 

1  ^ 

103749 

77 

109360 

140 

122464 

1  ^' 

lU3r*5'2 

78 

109508 

150 

1LM544 

1  :y2 

104106 

79 

109770 

100 

120024 

53 

104368 

80 

109084 

170 

128704 

54 

104576 

81 

110192 

180 

130784 

r>5 

104791 

82 

110400 

1  190 

132804 

56 

104992 

83 

110008 

CiOO 

134944 

57 

105200 

84 

110810 

210 

137024 

58 

105108 

1 

85 

1 

111024 

212 

137440 

T»ble  of   ei- 
paitfiuD  for  all 

pours. 


57.  The  expariMon  of  liquids  is  not  equable  for  equal  additions  of 
h<*:it  :it  diliferent  temperatures.     Thus  the  addition  of  5®  of  heat  to  al- 
^i-\io]  at  40^,  will  produce  a  less  relative  inrrea.«e  of  hiilk  than  the  same 
i.ijiti*in  of  Ileal  to  alcohol  of  100®  ;  and  in  general,  the  nearer  a  liquid  p,,,j^,     ^.^,^ 
approaches  it^  hoilinjr  point,  the  j^reater  is  it  expansibility.     Tliose  li-  *•  »'i:i"t 
qiids  theroft>rc  appear  most  equably  expansible  which  have  the  highest  .'i,  r",a  m "it 
»-lin5  point*,  and  lienco  one  of  the  irreat  ad\ant;iges  of  mercury,  as'*»"'''-'>- 
w^il  pr**ieriliy  he  seen,  in  con-tructins;  thermometers. 

5R.  A*  heat  increases  tho  bulk  of  all  bodies,  it  is  obvious  that  change 
of  ipnipernturc   i>=  constantlv   Oioducinjr  changes  in  their  don^ilv  or         . 

_^i  .1  ^o_  •  >|'''f  till' itrav!- 

*pcrifji;  irrjivitv,  as  rnay  he  easily  demoristratcd  in  fluids  where  there  tn  ..itri,,n)yR 

B  fieedoijj  of  motion  among  the  particles.     If  1  apply  heat  1<>  the  bol-'^j;";;^^'^*'^* 

tem  of  ;i  ie?sel  of  water,  the  heiited  part  expands  and   ri^es,  wbib^  a 

cold  or  deri«f:rr  -stratum  occupies  its  place.     In  air,  simibir  c^jrnnt^  ire 

tODtiaujilly   produced,  and  the  vibratory  motion  obser\ed  ovtr  chim- 

■«y  pot«.  and  slntftd  roofs  which  have  been  heated  by  the  eun,  depends  ^ 
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Upon  Otis  circumstance :  the  warm  air  rises,  and  its  refracting  poirer 
being  less  than  that  of  (he  circumambient  colder   air,   the   current* 
are  rendered  visible  by  the  di:«tortion  of  objects  viewed  through  them. 
69.  The  ventilrition  of  rooms  and  buildingi>,can  only  be  perfectly  effect- 
ed by  suflerin^  the  heiued  and  foTiJ  air  to  pass  olf  tii rough  apertures  in  the 
ceiling,  while  fresh  air,  of  any  desired  temperature,  is  admitted  from  be- 
low.  Various  contiivanrcs  have  been  resorted  to,  to  prevent  the  passage 
of  cold  air  from  above  downwards  through  the  ventilator,  which  can  only 
be  completely  effected  by  keeping  the  ventilating  tubes  at  a  higher  tem- 
perature th-m  the  surrounding  air ;  heating  them,  for  instance,  by  steam ; 
passing  them  thro'.igh  a  fire  ;  or  placing  a  lamp  beneath  them,  of  suffi- 
cient dimensions  to  cau-se  a  strong  current  upwards :   upon  the  latter 
principle,  the  g;is  chandelier  in  Covent-garden  theatre  being  placed  un- 
der a  large  funnel,  which  passes  through  the  roof  into  the  outer  air,  ope- 
rates as  a  very,  powerful  ventilator,  all  its  own  heat  and  smoke  p;i98ing  off 
with  a  large  proportion  of  the  air  of  the  house. — (^varUrly  JourmUy  y, 
GO.  There  is  only  one  strict  exception  to  the  general  law  of  expansion 
by  heat,  and  contraction  by  cold  ;  this  is  in  the  case  of  water,  which  ex- 
pands considerably  wlien  it  approaches  its  freezing  point.   Water  has  at- 
liie  uC'of  A".  Gained  its  maximum  of  density  at  40» ,  and  if  it  be  cooled  below  40«>  it  ex- 
Mniiun  by  ca-  pands  as  the  temperature  diminishes,  as  it  does  when  heated  above  40®  ; 
and  the  rate  of  this  expansion  is  equal  for  any  number  of  degrees  above  or 
below  this  maximum  of  density,  so  that  the  bulk  of  water  at  32*»  and  at  48** 
will  be  the  same.     Accordingly,  if  two  thermometer  tubes,  one  contain- 
ing spirit  of  wine,  and  the  other  water,  be  immersed  into  melting  snow, 
the  former  will  sink  till  it  indicates  3'2-»  ;  but  the  latter  when  it  has  at- 
tained 40°  begins  to  expand,  and  continues  so  to  do  till  it  freezes. 
This  anomaly  in  respect  to  water  is  productive  of  very  important 
An    iippiirrr.t  conscquencos,  in  nrcservine:  the  depths  of  rivers  and  lakes  of  a  tem- 
■Domai/.        perature  rongeiii  u  to  their  inhabitants. 

()  1 .  There  are  fiiany  liquids  which  suffer  considerable  expansion  in  pas- 
sing into  tiie  solid  state.     This  is  the  case  with  the  greater  number  of  sa- 
line solutions,  and  remarkably  with  water  ;  it  seems  connected  with  the 
pha^nomcna  of  crystallization,  and  is  referable  to  a  new  arrangement  of 
pand/more  in  particlos.    That  the  force  with  which  waterexpandsinthc  act  of  freezing, 
frdoir/whJ"  '^  ^^^^y  ^'Onsiderable,  is  shown  by  the  rupture  of  leaden  and  iron  pipes  in 
bemtd  from    wliich  it  is  sufferod  to  freeze.     Dr.  Thomson  has  shown  that  water  in 
the  ^boiiiiig^*'*  freezing  suffers  a  much  greater  expansion  than  when  heated  from  the 
point  freezing  to  the  boiling  point ;  for  the  specific  gravity  of  water  at  60*^ 

being  =  1,  that  of  ice  at  32®  is  only  0.02.  Of  the  metals, ^Reaumur 
found  that  cast-iron,  bismuth,  and  antimony,  when  expanded  in  becom- 
ing sohd  ;  the  rest  contracted. 

62.  If  we  mix  equal  quantities  of  the  same  fluid  at  different  tempera- 
Frincjpi^f  up-  ratures^Hhe  cold  portion  will  expand  as  much  as  the  hot  portion  contracts, 
JUI,r,pi^ra*!?re  ^^^  ^^^^  resulting  temperatune  is  tlie  mean  ;  so  that  it  appears,  that  as 
rtijitructed.    much  hcat  as  is  lost  by  the  one  portion  is  gained  l>y  the  other.     Upon 

this  principle,  thermometers  are  constriicted.  A  common  thermometer 
consists  of  a  tube  terminated  at  one  end  by  a  bulb,  and  closed  at  the  other. 
The  bulb  and  part  of  the  tube  are  fdled  wiJii  a  proper  liquid,  generally 
mercury,  and  a  scale  is  applied,  graduated  iulo  equal  part?.  Whenever 
this  instrument  is  applied  to  bodies  of  the  same  lcm|)erature,  the  mercu- 
ry, being  similarly  expanded,  indicates  the  same  degree  of  heat. 

63.  In  dividing  the  scale  of  a  thermometer,  the  two  fjxrd  points  usually 
res<jrtedtoarcthc  freezingand  boilingof  water,which  alwaystake  place  at 
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t  thenDometriGal  scales,  including  de 

in  whkh  the  gndaation  commences 

^  boiling  point  n-nicb  is  marked  D**,  and 
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67.  Sometimes  a  simpler  form  of  the  air  thermometer  is 
employed,  consisting  merely  of  a  tube  with  a  bulb  at  one 
extremity,  the  other  end  being  open  and  immersed  into  co- 
loured water,  which  by  expelling  a  portion  of  air  from  the 
tube  by  heat,  is  made  to  stand  at  any  convenient  height : 
the  liquid  in  the  tube  descends  and  rises  on  heating  and 
cooling  the  air  in  the  bulb. 

68.  The  relative  quantities  of  heat  which  difforent  bodies 
in  the  same  state  require  to  raise  them  to  the  same  ther- 
mometric  temperature,  is  called  their  specific  heat,  and 

^•cifia  ctio-  those  bodies  which  require  most  heat  are  said  to  have  the 
greatest  capacity  for  heat.  That  the  quantity  of  heat  in 
different  bodies  of  the  same  temperature  is  different,  was 
first  shown  by  Dr.  Black,  in  his  lectures  at  Glasgow  in 
1762. 
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65.  When  a  thennometer  is  intended  to  measure  very  low  tempe- 
AaTiiiita|c«  of  ratures,  spirit  of  wine  is  employed  in  its  construction,  as  that  fluid 
spirit  ut  wine,  y^^  nevef  been  frozen,  whereas  the  low  temperature  at  which  it  boils, 

renders  it  unfit  for  measuring  high  temperatures.     Quicksilver  will  in- 
dicate 500'',  but  freezes  at  40o. 

66.  Air  is  sometimes  resorted 
to  as  indicating  very  small  chang- 
es of  temperature  ;  and  of  air  ther- 
mometers, that  described  by  Pro- 
fessor Leslie  {Experimental  In- 
quiry into  the  JSCature  and  Propo- 

LttWr^ii^iScr-gntion  of  Heat,  by  John  Leslie, 

rntiai  ther-    Londou,  1804,  p.  9,  4^c.)  uuder  the 

mome  er  o  j^.j^j^q  q{  if^Q  differential  Thermome- 
ter, is  the  best.  It  consists  of  two 
large  glass  bulbs  containing  air, 
united  by  a  tube  twice  bent  at  right 
angles,  containing  coloured  sul- 
phuric acid.  When  a  hot  body 
approaches  one  of  the  bulbs,  it 
drives  the  fluid  towards  the  other. 
The  great  ad  vantage  of  this  instru- 
ment in  delicate  experiments  is 
that  general  changes  of  the  atmos- 
phere's temperature  do  not  affect 
it,  but  it  only  indicates  the  differ- 
ence of  temperature  between  the 
two  balls. 
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69.  It  has  been  stated  as  a  proof  of  the  accuracy  of  the  thermome- 

ter,  that  equal  volumeii  of  the  same  fluid,  at  different  temperatures, 

fib     ^^^  the  {irithm<?tiral  mcaiK  on  mixture.     Thus,  the  temperature  of  a 

a«.<HrM7  of    pint  of  hot  and  a  pint  of  col<l  water  is,  after  mixture,  as  near  as  possi* 

•*^*ble  half-way  between  the  extremes.     The  cold  ivati-r  boirig  of  a  tem* 

perature  of  50^,  and  the  hot  of  100^,  the  mixture  raises  the  thermom<* 
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rter  to  75*.  Bat  if  a  pint  ofqulcksikcr  at  100"  be  mixed  with  a  pint 
>f  water  at  50",  the  resulting  temperature  is  not  76",  but  70"  ;  so  that 
he  qukkeilver  has  lost  30°,  whereus  the  water  lias  only  gained  20'. 
Hence,  it  appears,  thai  the  capacity  of  mercury  for  heat  is  leas  than 
Ihnt  of  water;  and  if  the  mti^'K  of  the  two  bodies  be  compared,  which 
are  m  13.3  to  I,  their  capacities,  will  be  to  each  other  as  19  to  1. 

70.  In  cases  where  the  specific  heat  of  bodies  is  to  be  ascertained, 
it  i)  convenient  that  water  should  be  the  ilundard  of  comparison,  or^  Wd 
1.  The  following  is  a  general  formula  for  determining  the  specific^™ 
hent  of  bodies,  from  the  temperature  resulting  from  the  mixture  of 
two  bodies  at  unequal  temperatures,  whatever  be  their  respective 
quantities.  Multiply  the  weight  of  the  water  by  the  difference  be- 
lireen  its  original  temperature,  and  that  of  the  mixture  :  also,  multiply  ^■" 

the  weight  of  the  other  liquid,  by  the  difference  between  its  tempera- it.i, 

lure  Mid  that  of  the  mixture :  divide  the  first  product  by  the  second, '"'=°""*'l 
and  the  quotient  will  express  the  specific  heat  of  the  other  substance, 
that  of  water  being  =  I.  Thus,  20  ounces  of  water  at  ^Oo",  mixed 
with  12  ounces  of  spermaceti  oil  at  40°,  produce  a  temperature  of  90'. 
Therefore,  multiply  20  by  15  (the  difference  between  lOfi  and  90)  =i 
300,  And  multiply  12  by  50  (the  difference  between  40  and  90)  = 
600.  Then  300,  -=-  600,  =|,  which  is  the  specific  heat  of  oil ;  that 
is,  water  being  ^  1,  oil  is  ^=  0,5, 

71.  The  capacities  of  bodies  for  heal  have  considerable  influence 
upon  the  rate  at  which  they  are  heated  and  cooled.  Those  bodies 
which  are  most  slowly  heated  and  cooled  have  generally  the  greatest 
capacity  for  heat.  Thus,  if  equal  quantities  of  water  and  quicksilver 
be  placed  at  equal  distances  from  the  fire,  the  quicksilver  will  be  more  j^^^y^ 
rapidly  heated  than  the  wuler,  and  the  metnl  will  cool  most  rapidly  uiixi. 
when  carried  to  a  cold  place.  Upon  this  principle,  Professor  Leslie 
ingeniously  determined  the  specific  beat  of  bodies,  observing  their 
relative  times  of  coohng  a  certain  number  of  degrees,  comparatively 
with  water,  under  similar  circumstances. 

M.  M.  Petit  and  Dulong  have  published  some  important  researches  aii  u 
on  the  subject  of  specific  heat,  which  render  it  probable  that  the  atoms  'f''"  "^^"J 
of  all  simple  substances  have  exactly  the  same  capacities  for  heat.        puiij '    --" 

72.  Lavoisier  and  La  Place  endeavoured  to  ascertain  the  specific 
heat  of  bodies  by  the  relative  quantities  of  ice  which  they  were  capa- 
ble of  thawing,  during  cooling  :  thus,  if  a  pint  of  water  in  cooling  from 
213^  to  32°  melted  a  pound  of  ice,  and  a  pint  of  oil  in  passing  through  oiihi 
the  «ame  range  of  temperature  only  gave  out  heat  enough  to  thaw  half 
a  pound  of  ice,  it  was  concluded  that  the  specific  heat  of  water  beings 
I.  that  of  the  oil  was^O.5.  The  instrument  which  they  employed  in 
these  researches,  and  which  is  fully  described  in  Lavoisier's  EUments  of 
Oiemiilri/,  is  not  however,  susceptible  of  accuracy,  for  Mr.  Wedgwood 
has  abown  that  it  is  scarcely  possible  to  separate  the  water  from  the 
ice.— Phil.  Tram.  Vol.  Ixiiv. 

73.  The  capacity  of  gases  and  vapours  differs  with  the  nature  of  the 
gas,  and  with  its  density.     In  gases,  dil.itation  produces  cold,  and  com- 
pression excites  heal.     A  thermometer  suspended  in  the  receiver  of  "J]'" 
the  air-pump  sinks  during  exhaustion,  and  sudden  compression  of  airooidi 
produces  heat  sufficient  to  inflame  tinder.     In  liquids,  too,  coodensa-'™' 
D  diminishes  capacity  for  heat ;  hence  the  mixture  of  spirit  and  wa- 
t,  and  of  eolphuric  acid  and  water  evolves  beat.     The  increaiedca< 
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pacitj  which  air  acquires  by  rare&ction  has  its  inflaence  in  modifyiqg 

nataral  temperatures.    The  air,  becoming  rarer  as  it  ascends^  absorbs 

its  own  heat  and  hence  becomes  cold  in  proportion  as  it  recedes  from 

the  earth's  surfece :  thus  moisture,  rain,  or  snow,  are  thrown  down  on 

the  mountain-tops. 

CMiaaetinf       74.  When  different  bodies  are  exposed  to  the  same  source  of  heat,  they 

S?M  for  caio-  suffer  it  to  pass  through  them  with  very  different  degrees  of  velocity  or 

^*  they  have  various  amditcting  powers  in  regard  to  heat.     Among  solid  bo* 

dies,  metals  are  the  best  conductors ;  and  silver,  gold,  and  copper  are 

better  conductors  than  platinum,  iron,  and  lead.   Next  to  the  metals,  we 

may,  perhaps,  place  the  diamond,  and  topaz ;  then  glass ;  then  siliceous 

and  hard  stony  bodies  in  general ;  then  soft  and  porous  earthy  bodies,  and 

wood;  and  lastly,  down,  feathers,  wool,  and  other  porous  articles  of 

clothing. 

75.  To  compare  the  relative  conducting  powers  of  metals,  and  some 
V«thoa  of  it-  other  solids,  small  cones  ofthe  different  substances  may  be  used  about 
termi^  og  ^^(jp^^  inches  high,  and  half  an  inch  in  diameter  at  their  bases :  these 
may  be  tipped  at  the  apex  with  a  small  piece  of  wax,  and  being  placed 
on  a  heated  metallic  plate,  will  indicate  the  conducting  powers  by  the 
relative  times  required  to  fuse  the  wax,  which  will  be  directly,  as  the 
power  of  conducting  heat. 

The  difference  between  the  conducting  power  of  the  diamond  and 
rock  crystal  or  glass,  is  shown  by  applying  the  tongue  to  those  sub- 
stances, when  the  former  feels  colder  than  the  latter. 

From  the  experiments  of  Professor  Mayer,  of  Erlangen,  {AnnaUide 
Chimie^  torn,  xxx.)  it  would  appear  that  the  conducting  powers  of  dif- 
ferent woods  is  in  some  measure  inversely  as  their  specific  gravities, 
as  shown  by  the  following  table,  waierbemg  assumed  as  =s  1. 


Condoctifli^  Power. 

Specif.  Ormr, 

Water 

10 

a     .     .     .       1.000 

Table  of  eon- 
diietiiif  pow- 
tfi. 

Ebony  Wood 

Apple  tree 

Ash 

21.7          a    a 

27a4           .     . 

30.8     .  . 

•        W        V        w             ^   •  ^^  ^^  ^^ 

1.054 

0.639 

.  .  .  .  0.631 

Beech 

32.1     .  . 

0.692 

Hornbeam 

*     »     •     »     m     %      ^Jb»ij           a     a 

.  .  .  .  0.690 

Plum  tree 

32.5           a     .     i 

0.687 

Elm 

.     .....      *Jjt»0           a     a     I 

0.646 

Oak 

>     a     •     .     .     .      32a6           a     .     « 

.  .  .  .  0.668 

Pear  tree 

>     a     a     a     •     a       0«!/aZ            •     •     t 

.  .  a  .   0.603 

Birch 

34.1            a     a     . 

.  .  .  0.608 

Silver  fir 

37.5           .     .     a 

.  .  .  0.496 

Alder  

38.4         a    .    . 

.  .  .  0.484 

Scotch  fir 

38.6         a    .    . 

.  .  .  0.408 

Norway  Spruce 

Lime 

.....       liOa"            »     »     , 
39.0           a     a     a 

.  .  .  0.447 
.  .  .  0.408 
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Count  Rumford's  experiments  on  the  conducting  power  of  several 
substances  used  as  clothing  offer  some  interesting  results,  {Phil,  TranMm 
1 792.)  He  found  that  a  thermometer  enclosed  in  a  tube  and  bulb  of  the 
same  shape,  but  large  enough  to  allow  of  an  inch  vacant  space  between 

d(U.the  two,  being  previously  heated,  required  576  seconds  to  cool  135*. 

^"'^  When  16  grains  of  lint  were  diffused  through  the  confined  air,  it  took 
1032  seconds  to  undergo  the  same  change  of  temperature;  andlMSse- 
couds  with  the  same  weight  of  Eider-down.  The  compression  of  floccu* 
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ifTii  tutxtaDCCfi  to  »  certain  extent,  renders  (hem  still  iaferiorcOBductors: 
Nin.  vrheo  the  space  which  in  tlie  nliove  cxperimenls  coDtuiti«d  IS 
.■..in*  of  Eider-ilovrii  was  tilled  with  3?,  onJ  then  with  til  grains,  the 

..  -  r  iijiiired  for  the  escape  of  60  degrires  uf  beat  were  aucceseively 
,         ;  lr.*in  1305'  to  1-172' luid  1615". 

■•  . !  .  ■iilip.r  bimd  10  sliow  the  effect  of  mere  texture,  oimiliir  com- KCcti 
^•otJiiv.  tn.ils  were  iniide  ofihe  condiicting  powers  of  equal  weights  of'""' 
T»<t  -tik.  of  tti»elings  of  white  UiTelii,  and  of  common  sewing  silk,  of 

■  liit'h  ihr  (irsi  hn^  (he  linesl  hbre,  itie  second  less  line,  iind  the  third 
from  bcin^  twisted  and  harder  is  much  coarser.     The  difference  be- 

MM  thest?  tliree  modifications  of  the  siime  substance  is  ver)>  striking 
w  silk  detaining  tiie  bent  for  I'iM",  the  taffeU-i  rarelin){3  1 169", 
B  ailk  thread onlj  9lT'. — Aikin's  Dicl.  Art.  Calokic. 
Kie.  Liquida  and  gases  nre  very  imperfect  conductors  of  heat,  andLiquidi 
Mugenerally  distributed  through  tliem  by  nchange  of  specific  gra-JJ^ 
s  before  stated  (5B.  59.) 

r«  ajiply  heat  to  the  upper  surfiice  of  any  fluid,  it  will  with  ^at 

:Blty  tniike  its  way  downwiirds.     Count  Kumford  considered  fluids 

Mi^cowlarlors  of  heat  ^  but  the  more  accurate  researches  of  Dal- 

;  Hope,  Murray.  (.%»«m  of  Ckemisiry,  Vol.  i.,)  and  Thomson, 

nU«  af  Oumitlry,  Vet.  i.,)  have  demomtraled  that  they  do  conduct, 

.(Ofh  ♦ery  imperfectly. 

FThns,  if  we  carefully  pour  hot  oil  upon  water  in  a  tall  glags  jarwitb 

*~     a  thermometers  placed  at  different  dntaaces  under  the  surEtce, 

nil  be  found  that  those  near  the  heated  sur&ce  indicate  increuae  of 

'Vtnre  :  it  might  here  be  said  that  the  heat  was  conducted  by  the 

*  of  the  pa,  and  so  communicated  to  the  water  ;  to  obviate  such  ob- 

ioo.  Mr  Mnrrny  made  theesperimenttn  a  vessel  of  ice,  which  he- 

trcAorerted  into  water  nt  32",  cannot  convey  any  degree  of  heal 

tre  32*  downwards  ;  yet  the  thermometers  were  afl'ectcd,  as  in  the 

"    rlral. 

Esperinenta  on  the  conducting  power  of  air  are  complex  and  ililH' 
1.  mad  the  results  hitherto  obtained  are  unsatisfactory.  They  are 
bterfered  with  by  Kveral  circumstances  hereafter  to  be  noticed,  and 
specially  by  nidiation. 

"7.  The  different  conducting  powers  of  bodies  in  respect  to  heat, 
iT?  ihimn  in  the  application  of  wooden  handles  lo  mcUllic  vessels  ;  or 

■  -Trtfinn  uf  ivory  or  wood  is  interposed  between  the  hot  vessel  and 
inr  metal  handle.     The  transfer  of  heat  is  thus  prevented.     Heat  is 

'-itioed  by  bad  conductors  ;  hence  clothing  for  cold  ctiujites  consists 
KiMilen  materials  ;  hence,  too,  the  w.ills  of  furnaces  are  composed 
.  -Amj  and  sand.  Confined  air  is  a  very  bad  conductor  of  heat ;  hence 
!;  adnintage  of  double  doors  to  furnaces,  to  prevent  the  escape  of 
-  ■. .  and  of  a  double  wall,  with  an  interposed  stratum  of  air,  to  an 
■     >thich  prevents  the  influx  of  heat  from  without. 

.:ii  the  different  conducting  powers  of  bodies  in  respect  to 
I  ihe  seiisationt  of  heat  and  cold  experienced  upon  their  ap-heuiad 
>  our  oralis,  though  their  thermOmeliic  temperature  is  simi- 
.1  ronduclors  occasion,  when  touched,  a  greater  sensation  of 
[d  thun  bad  ones.  Metal  feels  coltl  because  it  readily  car- 
-  heat  of  the  body  ;  and  we  cannot  touch  a  piece  of  metal 
1';  air  of  a  temperature  moderate  to  our  suntie. 
1  has  great  influence  on  the /ormj  or  states  oi'  bodies. 
heal  a  Hohd,  it  becoiDCs  fluid  or  giaeous ;  and  liquids  i 
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converted  into  aerifonn  bodies  or  vapours.  Dr.  Black  investigates 
this  effect  of  heat  with  singular  fehcity,  and  his  researches  rank  among 
the  most  admirable  eflbrts  of  experimental  philosophy,  (Black's  Lee* 
tiires^  edited  by  John  Robison^  LL.D.)  During  the  liquefaction  of  bo- 
dies, a  quantity  of  heat  is  absorbed,  which  is  essential  to  the  state  of 
fluidity,  and  which  docs  not  increase  the  sensible  or  thermometric 
temperature.  Consequently,  if  a  cold  solid  body,  and  the  same  body 
hot  and  in  a  liquid  state,  be  mixed  in  known  proportions,  the  tempera- 
ture after  mixture  will  not  be  the  proportional  mean,  as  would  be  the 
case  if  both  were  liquid,  but  will  fall  short  of  it ;  much  of  the  heat  of 
the  hotter  body  being  consumed  in  rendering  the  colder -solid,  liquii^ 
before  it  produces  any  effect  upon  its  sensible  temperature, 

80.  Equal  parts  of  water  at  32^,  and  of  water  at  212''  will  prodact 
on  mixture  a  mean  temperature  of  122^.  But  equal  parts  of  ict  at 
dS^',  and  of  water  at  212<',  will  only  produce  (after  the  lique&ctioD  of 
the  ice)  a  temperature  of  62°,  the  greater  portion  of  the  heat  of  tht 
water  being  employed  in  thawing  the  ice,  before  it  can  produce  any 
rise  of  temperature  in  the  mixture.  To  heat  tlius  insensible  or  comHii* 
ed,  Dr.  Black  applied  the  term  latent  heat.  The  actual  loss  of  the 
thermometric  heat  in  these  cases  was  thus  estimated  ;  a  pound  of  ice 
at  32^  was  put  into  a  pound  of  water  at  172°  ;  the  ice  melted,  and  the 
temperature  of  the  mixture  was  32°.  Here  the  water  was  cooled 
140°^  while  the  temperature  of  ice  was  unaltered  ;  that  is,  140^  of 
heat  disappeared,  their  effect  being  not  to  increase  temperature,  but  to 
produce  fluidity. 

81.  The  same  phenomena  are  observable  in  all  cases  of  liquefac- 
tion, and  we  produce  artiticial  cold,oflen  of  great  intensity,  by  the  ra- 
pid solution  of  certain  saline  bodies  in  water.  Upon  this  principle  the 
action  of  freezing  mixtures  depends,  some  of  which  may  frequently  be 
conveniently  and  ceconomically  applied  to  the  purpose  of  cooling  wine 
or  water  in  hot  climates,  or  where  ice  cannot  be  procured.  The  fol- 
lowing Table  shews  the  results  of  some  of  Mr.  Walker's  experiments 
on  this  subject. 


Tabte  of  fri- 


Mixture*. 

'I'h>:nnoDketf*r  links. 

Muriate  of  ammonia .... 

Nilre    

Water 

Paris. 
.  .  .  .     o 

5 

1(> 

From  50®  to  10* 

Milrate  of  ammouia    .... 
Water 

1 

1 

From  50®  to  4» 

Suttdiate  of  soda 

•   •    •    •         •> 

From  50»  to  3» 

Diluted  sulphuric  acid .  .  . 

4 

Snow 

ComninKHi  <*nlt 

1 

1 

From  32»  to  0" 

Muriate  of  lime 

3 

From  32"  to-^50<> 

Snow 

2 

Snow 

2 

From— !©•  to— 56* 

Dilutrd  sulphuric  acid    .  . 
Dihited  nitric  acid 

1 

1 

Show  or  pounded  ice    .  .  . 

('omnioii  salt 

\itrate  of  ammonia   .... 

12 

....     i» 
5 

From— 18»  to— 25» 

Muriate  of  lime 

:{ 

From-^M)»  to— 73» 

bnow 

1 

iiituted  sulphuric  acid    . . 
Suow 

10 

fi 

From— G8^  to— 91» 

la  order  to  produce  these  effects,  the  salts  emptoyed  d   i  fresh  ^.^ 

ajstnUized,  and  newlj  reduceJ  to  a  very  fine  puwder.     iun  yesselsio 
id  which  the  freezing  mixture  is  mude  should  be  very  thin,  and  just"' 
hi^  enough  lo  hold  it,  and  the  materiuls  should  be  miiced  together  as 
^ckly  as  possible. 

hi  order  to  produce  great  cold,  they  ought  to  be  first  reduced  to  the 
ttnperjture  akirk«d  io  the  table,  by  placing  them  id  some  of  the  other 
fnning  Doixturea  ;  and  then  they  arc  to  be  mised  together  in  a  simi- 
hrfreezing  mixture.— fAif.  7"ronj.,  1795. 

82.  When  fluids  are  converted  into  solids,  their  latent  heat  becomes 
lensible  ;  thus  when  a  solution  of  Uiauher's  salt  is  made  suddenly  to 
crystallize  (16),  its  temperature  is  considerably  augmented  ;  and  when 
witeri^  poured  upon  quickhme.a  great  degree  of  heat  is  produced  by  ^^"'i 
the  MtUdibcation  which  it  suffers  in  coa'sequence  of  chemical  combina- 
tion :  congelation,  therefore,  is  to  eurrouuding  bodies  a  heating  process 

and  liqu«&iction  a  cooling  process. 

83.  Wken  liquids  are  healed,  they  acquire  the  gaseous  form,  and  be- 
come iBTisible  el.-istic  fluids,  possessed  of  the  mechanical  properties  of 
cominon  air.     Tbey  retain  this  form  or  stale  as  long  as  their  tempera- 
ture remains  sufficiently  high,  but  re-ossume  the  liquid  form  when 
cooled  a^in.     Different  fluids  pass  into  the  aeriform  state  at  different 
tempe  rain  res,  or  their  boihng  points  are  different ;  these  are  also  re- 
gulated by  the  density  of  the  atmosphere.     If  we  diminish  atmospheric 
pressure,  we  lower  the  boihng  point.     When  the  barometer  is  at  28 
inches,  water  will  hoil  at  a  lower  temperature  than  when  it  is  at  31 
inches.     Water  under  mean  atmospheric  pressure  boils  at  212',     At 
the  top  of  Mont  Blanc,  Sauseure  found  that  it  boiled  at  187',  so  thaC 
the  height*  of  Mountains,  and  even  of  buildings,  may  he  calculated  by  ;^'^'°„' 
referenre  (o  the  lempLTature  at  which  w;iter  boils  upon  their  summits,  ittcin 
Ttie  H(v.:r.-iifl  Mr.    VVollaston  has  dcsrnbpd  w  (lit  llojiil  Society  the'^'i^'',;' 
method  of  constructing  a  thermometer  of  extreme  delicacy,  applica-"'- 
ble  to  these  purposes, — Phil.  Tram.,  1817,     In  the  vacuum  of  an  air- 
pnmp,  fluids  hoil  at  temperatures  considerably  below  their  ordinary 
bmUng  points. 

84.  The  following  apparently  paradox- 
ical experiment  also  illustrates  the  influ- 
ence of  diminished  pressure  in  facilitat- 
ing eballition.  Insert  a  stopcock  secure- 
ly into  the  neck,  of  a  Florence  flask, 
coataining  a  little  water,  and  beat  it  over 
ilamp  till  the  water  boils,  and  the  steam 
frtely  escapes  by  the  open  stopcock;  then 
tnUenly  remove  the  bunp  and  close  the 
toek.  The  water  will  soon  cease  to  hoil  ; 
but  if  plunged  into  a  vessel  of  cold  water 
(bqlhtion  instantly  recommences,  but 
eeues  if  the  flask  be  held  near  the  fire  : 
tKe  vacuum  in  this  case  being  produced 
^  the  condeosatiOD  of  the  steam. 
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85.  Under  increased  pressure  on  the  con- 
J^JJ^jJ  trary,  fluids  require  a  higher  temperature 
•iectofpm-  to  produce  their  ebullition,  as  may  be  shown 
by  the  following  experiments,  a  is  a  strong 
brass  globe,  composed  of  two  hemispheres 
screwed  together  with  flanches  ;  a  portion  of 
quicksilver  is  introduced  into  it,  and  it  is  then 
ad)out  half  filled  with  water.  6  is  a  barome- 
ter-tube passing  through  a  steam-tight  collar, 
and  dipping  into  the  (quicksilver  at  the  bot- 
tom of  the  globe,  ii;  is  a  thermometer  gra- 
duated to  about  400*',  and  also  passing 
througli  an  air-tight  collar,  d  is  a  stopcock, 
and  e  a  large  spirit  lamp.  The  whole  is 
supported  upon  the  brass  frame  and  stand/. 
Upon  applying  heat  to  this  vessel,  the  stop» 
cock  being  closed  as  soon  as  the  water  boils, 
it  will  be  ^und  that  the  temperature  of  the 
water  and  its  vapour  increases  with  the 
pressure,  which  is  measured  by  the  ascent 
of  the  mercury  in  the  barometer-tube.  The 
thermometer  under  atmospheric  pressure 
being  at  212<>,  will  be  elevated  to  SI?**  un- 
der a  pressure  of  five  inches  of  mercury, 
and  to  242^  under  a  pressure  of  30  inches, 
or  thereabouts  ;  each  inch  of  mercury  pro- 
ducing by  its  pressure  a  rise  of  about  1  ^  in 
the  thermometer.  The  barometer-tube  al- 
so serves  the  purpose  of  a  safety-valve,  the 
strength  of  the  brass  globe  being  such  as  to 
resist  a  greater  pressure  than  that  of  one  at- 
mosphere. 


ScMibU  or 
free  caloric 
nadf  Uttat. 


86.^  The  conversion  of  a  liquid  into  vapour  is  always  attended  with 
great  loss  of  thermometric  heut ;  and  as  liquids  may  be  regarded  at 
compounds  of  solids  and  heat,  so  vapours  may  be  considered  as  con- 
sisting of  a  similar  combination  of  heat  with  liquids  ;  in  other  words, 
a  great  quantity  of  heat  becomes  latent  during  the  formation  of  vapour. 
This  is  easily  illustrated  by  immersing  a  thermometer  into  an  open 
vessel  of  water  placed  over  a  lamp.  The  quicksilver  rises  to  212**, 
the  water  then  boils,  and  although  the  source  of  heat  remains,  neither 
the  water  nor  the  steam  acquire  a  higher  temperature  than  212^  ;  the 
beat  then  becomes  1  itent,  and  is  consumed  in  the  formation  of  steam. 

87.  To  ascertain  the  absolute  loss  of  thermometric  heat  in  this  case. 


BEAT.  ^^ 

Ir.  Black  iDstitoted  the  following  experiDieats :  he  noled  re. 

jDireil  to  mise  a  certain  quantity  of  water  to  its  tioili  ng  poiui^ ,  uc  ihen 
wpt  up  the  same  heat  till  the  irhole  was  evapor^itcJ,  and  marked  the 
timt  consumed  by  the  process  ;  it  was  thns  computed  lo  what  hei^t  the 
tcai[«rature  would  have  risen,  supposing  the  rise  to  have  gone  on 
>l«ve2t2",  it)  the  same  ratio  as  below  it ;  and  as  the  temperature  ol' 
lti«  t^eum  was  the  same  as  that  of  the  water,  it  was  fairly  inferred  that 
ill ihe  beat  above  212°  was  essential  to  the  constitution  of  aqueous  va-i^':  &<■ 
poor.     Dr.  Black  estimated  this  quantity  at  about  810°  ;  that  is,  theMndori 
tunc  quantity  of  heat  which  is  required  for  the  total  evaporation  of*^°'°'"*' 
buliDg  water  at  212°  would  be  sulhcient  to  raise  the  water  810°  above 
iu bailing  point,  or  to  lOSS"  bad  it  continued  in  the  liquid  state.     There 
ire  other  means  of  ascertaining  the  late ut  heat  of  steam,  which  lead  ua 
U  pture  it  between  900°  and  lUOU*. 

a.  The  following  table  of  the  latent  heat  of  steam  and  some  other 
ii[)our«  is  extracted  from  a  paper  in  the  Fkilosopbica.1  Trunaaeliont  /or 
1E18,  by  Da.  Ure. 

Vapour  of  Water  at  212°  ....     967".O0 

I  Alcohol 442  .00 

I  Ether 302  .38 

I  Petroleum 177  .87 

Oil  of  Turpentine  .  .     177  .87 

Nitric  acid 531   .99 

Liquid  Ammonia  ...     837  .28 

Vinegar 873  ,00 

89.  Wben  steam  h  again  contlenaed,  or  when  rapours  re-assume  the  T.M«iir 
kquid  ttate,  their  latent  heat  becomes  sensible  ;  and  in  this  way  it  isi*»Mc*) 
obrioas  that  a  small  quantity  of  «teaDi  will,  during  its  condensation  com- Bj'JTb^ 
inuiiic^ite  heat  sufficient  In  boil  a  large  qiiiuitity  of  water.  '*'■  ^'*- 

The  smalt  boiler,  represented  in  the  annexed  cut  taken  from  Dr. 
HtsRi's  £ltintnti  of  Chemistry,  may  he  conveniently  employed  in  ex- 
ptiifflents  on  the  latent  heal  of  steam. 


92  HEAT. 

For  this  purpose  the  tube  e  must  be  screwed  on  the  stop-cock  6,  and. 
immersed  into  the  gbiss  of  water/.  The  cock  c  being  closed,  the 
steam  arising  from  the  boiling^water  a  will  pass  into  the  cold  water/, 
the  temperature  of  which  will  be  much  augmented  by  its  condensation. 
Ascertain  the  increase  of  temperature  and  weight,  and  the  result  will 
show  how  much  a  given  weight  of  water  has  had  its  temperature  raised 
by  a  certain  weight  of  condensed  steam.  To  another  quantity  of  water, 
of  the  same  weight  and  temperature  as  that  in  the  jar  at  the  outset  of  the 
experiment,  add  a  quantity  of  water  at  212^,  equal  in  weight  to  the  con- 
densed steam  ;  it  will  be  found,  on  comparing  the  resulting  tempera- 
tures, that  a  given  weight  of  steam  has  produced,  by  its  condensation,  a 
much  greater  elevation  of  temperature  than  the  same  quantity  of  boil- 
ing water. — Henry,  Vol.  i.  p.  106,  7th  edit. 
'  90.  In  breweries  and  other  manufactories,  where  large  quantities  of 

warm  and  boiling  water  are  consumed,  it  is  frequently  heated  by  thai 
conveying  steam  into  it,  or  by  suffering  steam-pipes  to  traverse  the  ves- 
sels or  by  employing  double  vessels,  a  plan  adopted  with  particular  ad- 
vantage in  the  laboratories  at  Apothecaries  Hall.     This  method  of 
Wt  property  warming  water  has  also  been  very  advantageously  applied  to  heating 
tftftt'ofin^  baths.     Where  a  higher  temperature  than  212^  is  required  it  is  neces- 
MBM  t\u      ggjy  ^Q  employ  steam  under  adequate  pressure,  and  a  very  ingenious 
means  of  producing  high  pressure  steam  for  this  purpose  has  been 
coilfrived  by  Messrs.  J.  and  P.  Taylor,  and  applied  by  them,  upon  a 
very  large  scale,  at  Whitbread  and  Co.'s  brewhouse. 

The  heat  given  off  by  steam  during  its  condensation.  Is  also  often  ad- 
vantageously applied  to  warming  buildings,  and  is  at  once  safe,  salubri- 
ous, and  economical. 

91.  The  cold  produced  by  evapbration  is,  under  certain  circumstan- 
ces, very  great.     Spirit  of  wine,  and  ether,  which  readily  evaporate, 

lUiwiiM  of  produce  considerable  cold  during  that  process.  Upon  this  principle 
JJ^JJJjJJJJ^  wine-coolers,  and  similar  porous  vessels,  refrigerate  the  fluids  they 
Sb.  '  contain  ;  and  thus,  by  acceleniting  the  evaporation  of  water,  by  expos- 

ing it  under  an  exhausted  receiver,  containing  bodies  that  quickly  ab- 
sorb its  vapour,  Professor  Leslie  has  contrived  to  effect  its  congelation ; 
the  heat  required  for  the  conversion  of  one  portion  of  the  water  into 
vapour  being  taken  from  the  other  portion,  which  is  thus  reduced  to  ice. 
—See  Supplement  to  Encyclopaedia  Brit.,    Art.  Cold. 

92.  The  instrument  invented  by  Dr.  Wollaston,  and  called  by  him 
the  Cryophorusy  acts  upon  a  similar  principle.  It  consists  of  a  glass 
tube  with  a  bulb  at  each  extremity,  of  the  shape  annexed. 


erjepboratof  J^^ti 

WoUMtoo.  ^  ^V 


One  of  the  bulbs  is  about  half  filled  with  with  water,  and  a  good  va- 
cuum is  produced  in  the  other  by  boiling  the  water  and  sealing  the  tube 
whilst  full  of  steam.  On  immersing  the  empty  bulb  in  a  freezing-mix- 
ture, the  water  soon  congeals  in  the  other,  although  the  intervening  tube 
be  two  or  three  feet  long.    The  vapour  in  the  empty  bulb  is  condensed 
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Mj  the  cold,  and  a  fresh  quantity  of  vapour  arises  successively  from  the 
water  in  the  other,  by  which  so  much  heat  is  carried  off  as  to  cause  it  to 
fODgeal.— FAi7.  Trans.  18 13. 

93.  In  many  natural  operalion!?  the  conversion  of  water  into  vapour, 
and  the  condensation  of  vapour  in  the  form  of  dew  and  rain,  is  a  process 
of  the  otmoat  importance,  and  tends  considerably  to  the  equalization  of 
temperature  over  the  globe. 

94.  Nothing  is  known  of  the  nature  or  cause  of  heat.     It  has  been 

by  some  considered  as  a  pccuhar  fluid,  to  which  the  term  Gi/oric  has  ^^j*|^* 
been  applied ;  and  many  phaenomena  are  in  favour  of  the  existence  of 
«ach  a  duid.     By  others,  the  phaenomena  above  described  have  been 
referred  to  a  vibratortf  motion  of  the  particles  of  matter,  varying  in  ve- a  vibntory 
locity  with  the  perceived  intensity  of  the  heat.     In  fluids  and  gsises  the"'^^**"* 
particles  are  conceived  to  have  a  motion  round  their  own  axes.     Tem- 
ftraiure^  therefore,  would  increase  with  the  velocity  of  the  vibrations  ; 
and  increase  of  capacity  would  be  produced  by  the  motion  being  per- 
formed in  greater  space.     The  loss  of  temperature,  during  the  change 
of  solids  into  liquids  and  gases,  would  depend  upon  loss  of  vibratory 
notion,  in  consequence  of  the  acquired  rotatory  motion. 

Upon  the  other  hypothesis,  temperature  is  referred  to  the  quantity  of 
KoloTic  present ;  and  the  loss  of  temperature,  which  happens  when  bo- 
dies change  their  state,  depends  upon  the  chemical  combinuiion  of  the 
ralon'c  with  the  solid  in  the  ca?c  of  liquefaction,  an  J  «vith  the  liquic^  in 
the  case  of  conversion  into  the  aeriform  state. 


Section  IV.  Electricity. 

95.  If  a  piece  of  sealing-wax  and  of  dry  worm  flannel  be  rubbed  a- 
pinst  each  other,  they  both  become  capable  of  atti-acting  and  repelling 

light  bodies.     A  dry  and  warm  sheet  of  writing-paper,  rubbed  with  In-  *>«<rJc«i  «- 
dia  rubber,  or  a  tube  of  glass  rubbed  upon  «ilk,  exhibit  the  same  phae-"  *"*" 
nomena.     In  these  cases  the  bodies  are  ?ai.l  t«.  be  electrically  excited ; 
and  when  in  a  dark  room,  they  always  appear  himinous. 

96.  If  two  pith-balls  be  electrified  by  touching  them  with  the  seal- 
ing-wax or  with  the  flannel,  they  repel  each  other  ;  but  if  one  pith-ball  R^pu^vontad 
be  electrified  by  the  wax,  and  the  other  by  the  flannel,  they  attract 

ench  other.  The  same  applies  to  the  glass  and  silk  :  it  shows  a  diffe- 
rence in  the  electricities  of  the  different  bodies,  and  the  experiment  leads 
to  the  conrluriiion,  that  hodie»  similarly  electrified  repel  each  other^  but 
thci  uften  tlisiiitiilarly  electrified  they  attract  each  other. 

The  term  electrical  repulsion  is  here  used  merely  to  denote  the  ap-  lupuiiion. 
pearance  of  the  phaenomenon,  the  separation  being  probably  referable 
^>  the  new  attractive  power  which  they  acquire,  when  electrified,  for 
the  air  and  other  surrounding  bodies. 

If  one  b.ill  be  electrified  by  sealin>^-wax  rubbed  by  flannel,  and  an- 
other b}'  ?«i!k  rubbed  with  glass,  those  balls  will  repel  each  other ; 
waich  prove!!*  that  the  electricity  of  the  silk  is  the  same  as  that  of  the 
'e^ling-wax.     But  if  one  ball  be  electrified  by  the  sealing-wax  and  the 
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Cat's  skin 
Polished  glass 
\Voollcn  cloth 
F»»athera 
Fairer 
Silk 

Oum  lac 
Kough  glass. 

,  .  -..f^vballs,  or  strips  of  zM  leaf,  are  uj-uall 
^    '«» presence  of  idectririty  ;  and, 
.  . .  -^  "''iMr  div<'n:i'nre  i*    affcrt^d  by 
,  X   .-.'w*  kind  or  stall!  of  elect ririty  is 
s.,    .-.^.••n  riy  su>prnded  or  mounted  for 
V     %   ;  ".ov  tbrni  an  eUrtrmnrfcr  or  iIcC' 
•.^  .••.:-pi"*e  the  slips  of  gold   leaf  arc 
.    .v*  »".*p  and  wire,  in  a  glass  cylinder  ; 
^t  fc.i  %%hen  unclectrified  ;    but  when 
•K^   v..»tr§e,  as   iQ  the   marginal  wood- 


y    »       »    ■tX 
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,  r  ffbca  tihM  iMtranenty  •■  uftial^  constnicted»  becmDefim«aBaD 
'  jivee  dampy  its  delicac;jr  is  nadi  duninished,  andit is  reiidere4  near- 
%iMglfM.  The  following  improvement  in  its  construction  by  the 
'  fie  lir.  Singer  renders  it  a  much  more  sensible  and  useful  instrument. 
\  ft  is  eonstmeted  as  nsoal,  with  a  glass  cylinder,  surmounted  by  a  brass 
'  fip;  hot  ttctiniiilatioa  is  made  to  depend  upon  a  g^ass  tube,  about 
%v  inclnfii  IoQg»  and  one*iburth  of  an  inch  internal  diameter,  covered 
Wlh  OD  tfie  mside  and  outside  with  sealing-wax,  and 
M^ahrMB  wire  of  a  sixteenth  or  twelfth  of  an  inch 
iiefc  wbA  five  inches  long,  passing  through  its  axis,  '' 
iisB  to  he  perfisctly  free  from  contact  wiUi  any  part 
if  the  tahe,  in  the  middle  of  which  it  is  fixed  by  a 
|lm  of  silk  which  keeps  it  concentric  with  the  in- 
taisl  dfameter  of  the  tube,  a,  is  a  brass  cap 
iBRWcd  upon  the  uf^r  part  of  thk  wire ;  it  serves 
the  adnoaphere  mm  (re#  contact  with  the 
•f  the  ttthe,  and  also  defends  its  inside  from 
;  to  the  lower  part  of  the  wire  the  gold  leaves  • 
tea  sfttache^  and  the  whole  mounted  as  usual,  and  as  represented 


«^ 


Suifer*sikt- 


Coabmb'ft  c- 
lectrieal  bi(- 
lanec* 


100..  The  kind  of  electrici^by  which  the  gold  leaves  are  diverged 
_jj  be  jv^l^  of  b^  approaching  the  cap  of  the  instrument  with  ^^H^^'*^^ 
wk  ef  excited  seating-wax ;  if  it  be  negaihe  the  divergence  will  in-kua<»f3te^ 
;  if  jpesfffot,  the  leaves  will  collapse,  upon  the  principle  of  the*"*^^' 
unmlation  of  the  opposite  electricities,  or  ^st  bodies  simi* 
hriy  electrified  repel  each  other,  but  that  when  dissimilarly  dleotrified 
mutually  attractive.  (96.^ 
101.  To  ascertain  the  actual  repulsive  and  at- 
tnctire  powers  appertaining  to  weakly-electrifi- 
ed bodies,  M.  Coulomb  has  ingeniously  availed 
himself  ojf  the  principle  of  torsion,  and  has  thus 
coostmcted  his  electrical  balance.     It  consists  of 
a  fine  metallic  wire,  a,  one  end  of  which  is  at- 
tached to  the  screw  b,  and  to  the  other  is  suspend- 
ed the  horizontal  needle  c,  composed  of  gum-lac 
or  other  nonconductor,  and  armed  at  one  extre- 
auty  with  a  gilt  pith-ball,  counterpoised  at  the 
ether  end  by  an  index.     The  conductor  d,  is  a 
small  wire  with  a  ball  at  each  end  passing  through 
the  g)ass  receiver  in  which  the  needl^is  sus- 
pended, and^having  its  lower  ball  opposcff  to  that 
ef  the  needle.     By  the  screw  6,  the  two  balls  are 
Im^ht  into  contact,  and  the  index  then  points  to 
«,  SB  the  divided  scale  of  degrees.     On  commu- 
■H*iiitg  a  very  feeble  electrical  power  to  the  conductor,  it  transfers  it 
IS.tfce  moveable  pith-ball,  and  repels  it  a  certain  number  of  degrees, 
to  the  intensity  of  the  acquired  electricity,  and  measured 
power  of  torsion  which  it  exerts  upon  the  fine  wire.     By  expe-  Kieotricai 
made  with  this  electrometer,  it  would  appear  that  the  electri-pow«M»«kH 
iwers  follow  the  law  of  gravitation,  in  being*in  the  inverse  ratio  of^^uaresoftbcii 
JMres  of  the  distances  of  the  acting  bodies.     In  the  most  deli- J^^J^U"  ^ 
dntmction  of  the  instrument  a  single  silk-worm's  thread  is  usedpoweno^ 
id  of  the  Wire. 


JG  ELECTRICITY. 

102.  Some  bodies  suffer  electricity  to  pass  through  their  substance, 
and  are  called  conductors.     Others   only  receive  it  upon  the  spot 

Condoctort  &  touched,  and  are  called  nonconductors.  The  former  do  not,  in  general 
become  electric  by  friction,  and  are  called  nonelectrics :  the  latter,  on 
the  contrary,  are  electrics,  or  acquire  electricity  by  friction.  They 
arc  also  called  insulators.  The  metals  are  all  conductors  ;  dry  air, 
glass,  sulphur,  and  resms,  are  nonconductors.  Water,  damp  wood, 
spirit  of  wine,  damp  air,  and  some  oils,  are  imperfect  conductors. 

103.  Rarefied  air  admits  of  the  passage  of  electricity  ;  so  does  the 
Electricity  Torricelllun  vacuum  :  hence  if  au  elcctrilied  body  be  placed  under 
JTrtfi'd*'^"??  the  receiver  of  the  air-pump,  it  loses  its  electricity  during  exhaustion. 
•  ▼•cuum.      So  that  the  air,  independent  of  its  nonconducting  power,  appears  to 

influence  the  retentive  properties  of  b'odies  in  respect  to  electricity, 
by  its  pressure. 
NoroMtunt        ^^^'  'I'^^rc  appears  to  be  no  conntant  relation  between  the  state  of 
relation  be-    bodies  and  their  conducting  powers  :  among  solids,  metals  are  condnc- 
mtr  of'hodiestors,  but  gums  and  resins  arc  nonconductors ;  among  liquids,  strong  al- 
«ndUi«irooa-caline,  acid,  and  saline  solutions,  are  good  conductors  ;  pure  water  is 
jj^Mng  pow-  ^^  imperfect  conductor,  and  oils  are  nonconductors  ;  solid  wax  is  al- 
most a  nonconductor,  but  when  melted,  a  good  one.     Conducting  pow- 
ers belong  to  bodies  in  the  most  opposite  states ;  thus  the  flame  of 
alcohol,  and  ice,  are  equally  good  conductors.     (Biot,  TVattf  de  Ply- 
sique,  torn,  ii.,  p.  213.)     Glass  is  a  nonconductor  when  cold,  but  con- 
ducts when  red-hot ;  the  diamond  is  a  nonconductor,  but  pure  and  well- 
burned  charcoal  is  among  the  best  conductors. 
Some  inb-  ^^^'  There  are  many  mineral  substances  which  show  signs  of  elec- 

uaticesbe-  tricity  when  heated,  as  the  tourmalin,  topaz,  diamond,  boracite,  &c. ; 
iij'being heat  siud  in  thcse  bodics  the  different  surfaces  exhibit  different  electrical 
^'i-  states. 

106.  Whenever  one  part  of  a  body,  or  system  of  bodies,  is  positive, 
Op^iite eke- another  part  is  invariably  negjilive  ;  and  these  opposite  electrical  states 
poii^rsidcs^of  s^re  always  such  as  exactly  to  neutralize  each  other.  Thus,  in  the 
a  body.         common  electrical  machine,  one  conductor  receives  the  electricity  of 

of  the  glass  cylinder,  and  the  other  that  of  the  silk  rubber,  and  the 
former  conductor  is  positive  and  the  latter  negative  ;  but  if  they  be 
connected,  all  electrical  phainomena  cease. 

107.  The  best  electrical  machine  for  experimental  purposes  is  re- 
presented in  the  annexed  sketch. 
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IlcoomUofaglasB  cylinder  a  about  10  or  12  inches  in  dianieter,andQ^^^ 
15  10  SO  incbes  b  length,  taming  between  two  upright  pillars  ot^ase, 
■  m,  fixed  to  a  stout  mahognny  base.  Two  smooth  metal  conductors, 
Mual  IP  length  to  the  cyhnder,  Etnd  about  one-third  of  its  diameter,  c. 
e,  w*  pUced  parallel  to  it  opon  two  glass  pillars,  d  n,  which  are  ce- 
BieDted  iolo  two  sliding  pieces  of  wood  t,  by  which  their  distance  from 
Ibe  cjIindcT  may  be  adjusted.  One  of  the  conductors  has  a  cushion, 
r.aUiicfaed  to  it  by  a  bent  metallic  spring,  nearly  as  long  as  the  cjlioder. 
Md  about  one  inch  or  an  inch  and  a  half  wide,  to  the  npper  part  of 
ich  is  «cwed  a  flap  of  oil-silk,  o,  which  should  reach  from  the  cosh- 
orrr  the  upper  fiur&ce  of  the  gtase  cylinder,  to  within  ^out  an 
b  of  n  row  of  points  attached  to  the  side  of  the  opposite  conductor. 
conductor  to  which  the  cushion  ^attached  is  called  the  negative 
ictor  ;  tfae  olber  collects  the  eled^city  of  the  glass,  and  is  called 
_  Mitive  conductor,  ii.  is  an  adjusting  screw  to  regulate  the  pres- 
e  oftbe  cushion  upon  the  cylinder.  The  motion  of  the  cylinder  is 
■  the  direction  of  the  silk  flap,  and  may  be  communicated  by  a  handle 
'wd  al  I,  or  by  the  multiplying  wheel  k.  To  put  this  electrical 
iae  into  good  action,  every  part  should  be  made  perfectly  clean  jj"^^"*' 
d  in.  The  cushion  is  then  anointed  with  amalgam,  and  applied  by '°'  * ' 
%gentK  |ire«sure  to  the  cylinder.  If  positive  electricity  is  required, 
it  maj  be  received  from  LLe  conductor  bearing  the  points,  that  suppor- 
ting (he  cushion  being  uninsulated  by  a  wire  passing  from  it  to  the 
_KmI  i—if,  on  the  contrary,  negative  electricity  is  required,  it  may  he 
iati  from  the  iosubted  cushion  cylinder,  the  other  being  uoinsu- 
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>iiijE«mrM  lUB.  The  be»t  OHW/^nmiscompoHeJofonepsrtoftiBandtwoofziiiC 
-.ritinj  ,i«-  melted  togctber,  and  mixed,  while  fluid,  with  six  parts  of  hot  mercuFyi* 
*""^'  au  iruR  morLir.     This  mixture  i*  triturated  till  it  becomes  a  fine  pow- 

der, which  is  then  formed  into  a  tenacious  paste  with  hogs'  lard. 

109.  Another  form  of  the  electrical  machine  consists  of  a  circatar 
glass  plate  A,  mounted  upon  an  axis  und  nibhcd  by  two  pflirs  of  cush- 


ions. 09  shewn  at  b  b.    The  brass  conductor  c  has  its  points  opposed 

.  to  the  plate,  and  is  insukted  by  the  glass  stem  o. — e  e  are  double 
pieces  of  oil-silk  passing  from  the  cushions  to  near  the  points.  The 
whole  is  supported  by  a  stout  mahogany  frame,  and  motion  is  given  t* 
the  plate  by  the  winch  f. 

^  Theae  electrical  machines  have  considerable  power  ;  they  are  easi- 
ly cleaned  and  excited,  and  are  more  portable  than  the  cylinders  ;  bat 
as  they  cannot  be  conveniently  insulated,  the  negative  electrical  pow- 
er ci-.nuot  be  well  exhibited,  so  that  for  the  purposes  of  experimeatd 
research  the  former  machines  are  preferable. 

110.  When  the  electrical  machine  is  in  good  order,  and  the  atmoi- 
phere  dry,  it  produces  a  cracUing  noise  when  the  plate  or  cylinder  it 
turned,  and  flashes  and  spark^f  light  arc  seen  upon  various  parts  of  the 
glass  passing  from  the  cushion  to  the  conductor :  if  the  knuckle  be 
held  near  the  conductor,  sparks  pass  to  it  through  some  inches  of  airj 
with  a  peculiar  noise,  and  excite  slightly  painful  sensation  in  the  port 
upon  which  they  are  received.  It  is  conjectured  that  the  cause  of  the 
light  thus  perceived,  is  the  sudden  compression  of  the  air  or  meditta 
through  which  the  electricity  pusses,  and  it  is  always  probably  attend- 
ed  by  a  proportionate  elevation  of  temperature,  Jis  is  shown  by  the  pow- 
er of  tilt!  spark  to  inflame  spirit  of  wine,  fulminating  silver,  and  other 
catiity  iiiflauimable  compounds. 

I,:  111.  The  appeamnce  of  the  electric  light  is  modified  by  the  densi- 
ty of  the  medium  through  which  it  passes.    In  dense  air  it  is  brigM 

X  and  white;  in  rarefied  air  it  is  of  ared^b  tinjea&diuQt  A&ddividMi 


iLBCTfticirr. 

hhI  in  itie  more  perfect  vacuum  of  a  good  air-pump,  it  is  of  a  purplish 
hue.  and  scitrcely  visible  cicept  in  a  very  durk  roum. 

Wi.  If  an  insulated  conductor  be  ctcctntied,  aiidun  uninsulated  coo - 
doctor  be  opposed  to  it,  there  being  between  tlie  tii'o  a  thin  stratum  of 
air,  glau,  or  otber  nonconductor,  the  uninsulated  conductor,  under 
luch  circum-ititnces,  acquires  an  opposite  electrical  state  to  tbat  of  the 
ori|EiQally  electrified  insuliited  conductor.  In  this  case,  the  uninauIa(-( 
ti  body  in  said  to  be  electrized  by  induction  and  the  induced  clectri-^ 
city  remains  evident,  until  an  explosion,  spark,  or  dischar^  happens, 
when  the  opposite  electricities  annihilate  each  otiier,  induced  elec- 
Iritily  may  thus  be  exhibited  through  along  series  of  insulated  conduc- 
ior».  provided  the  last  of  the  series  be  communicated  with  the  earth. 

Thus,  in  the  following  diagram,  a,  may  represent  the  positive  con- 
ductor of  the  electrical  machine  ;  b,  c,  and  d,  three  insulated  conduc- 
lor!,  placed  at  a  Uttle  distance  from  each  other,  d  having  .1  chain  touch- 
ing the  ground  ;  then  the  bulls  1 ,  being  positive,  will  attract  the  balls 
S.  which  are  rendered  negative  by  induction.  Under  these  circum- 
stances, each  of  the  conductors  becomes  polar,  and  the  balls  3  are 
positive,  while  4  are  negative,  6  positive,  6  negative, 4-c. :  the  central 
points  of  the  conductors,  a  c  n,  are  neutral.  When  these  opposite 
electrical  sLntes  have  arrived  at  a  certain  intensity,  sparks  puss  between 
the  different  conductors,  and  the  electrical  phenomena  ceafc. 


1 13.  The  eiteat  of  such  a  polar  arrangement  may 
be  greatly  increased  by  palling  small  spangles  of  tin- 
foil, upon  a  clean  plate  of  glat-s,  within  a  small  ilis- 
tsnce  of  each  other,  each  of  which  will  then  repre- 
sent an  insulated  conductor ;  and  tlie  lii'st  spanglr  be- 
ing held  near  the  excited  conductor  of  the  machine, 
tnd  the  last  in  the  hand,  a  scries  of  brilliant  sparks 
Mill  pafii  between  eiu-h,  indicirtinK  tlio  annihilation  of 
the  opposite  electrical  sixties.  'I'lie  spiral  luiuinnut 
1%bt,  A,  luminous  words,  dowers,  kc,  are  arrange- 
■KDts  of  this  kind.  _ 


114.  Upon  the  principle  of  induction  it  is  that  the  accuDiiil 
electricity  in  the  Lcijden  jihiiil  is  elTertcd.  It  consists 
of  a  thin  glass  jar,  coated  internally  and  externally 
with  tinfoil  to  within  a  fhort  distimre  of  its  month. 
When  the  inner  surface  Is  rendi-red  positive  by  u 
with  the  conductor  of  thr  I'ltTlrlcal  machine,  the  rx- 
terior.  being connectt-d  ivilh  llir>  ground,  becomes  ncgii- 
tivt'  by  induction.  Whcji  ibc  innrr  ^md  outer  surliires 
arf  united  hy  a  condiiclnr,  all  elerlrical  accumulation  in 
aanlhilafed  by  a  |niwi-rful  !'|)ark.and  the  1  wo  opposite 
•tates  ar»-  fiimid  i«  have  hnen  (irecl'-ely  equivalent. 


If  the  communicntion  between  the  opposite  Bur£ices  of  the  Leydes 
phial  he  mnile  bv  the  SinnJii,  a  p:iinful  jurring  ^cnstttion  is  folt  at  the  joints 
of  the  lingers,  the  elbowij  shoultlen,  :uii)  <;hest,  commonly  railed  the 
eleeirieal  ihoek.  Metallic  wires,  with  biili.->  nt  their  ends,  bent  or  joint- 
ed nnil  fixed  to  a  glass  handle,  nrc  generally  used  to  tninsfcr  the  elec- 
tric rhur^c.  and  these  instruments  arc  called  ditchurgtri, 

115.  Ill  all  cases  of  electrical  accumnliition,  the  surfaces  intended  to 
retain  it  muMt  be  free  from  asp  critic*',  and  points  :  a  pointed  wire  heU 
near  the  prime  conituctor  instnntly  ^ains  an  opposite  state,  and  rapidly 

'.tEctrioi  discharges  it ;  if  it  be  affixed  to  the  conductor,  a  limiliir  effect  is  oi- 
't',1!! """"  served;  and  upon  holdini;  the  hand  near  the  point,  a  peculiar  coldnen 
i»  perceived,  which  has  been  called  tiie  eleeirieal  aura,  nnd  which  de- 
pends upon  the  rapid  recession  of  the  electrized  air.  If  the  Leyden 
j.-ir  be  discharged  by  a  pointed  wire,  the  electricities  quietly  ai 
each  other,  and  no  explosion  can  be  produced. 

116.  To  ascertain  the  relative  ehorge  which 
the  jar  haa  received,  we  employ  the  jtiurfronl  etee- 
iromelcr,  contrived  by  Henly.  It  consists  of  & 
rounded  stem  of  metal,  a  to  the  side  of  which  is 

■™tio'''"'  illiiched  ;in  ivory  semi-circle,  a  ;  to  the  centre  is 

allixed  a  pin,  upon  which  a  vury  thin  piece  of  cane 

or  ivory,  abonl  4  inches  lon^,  with  a  pith  ball  at 

its  lower  exticinity.  turns  freely,  traversing  the 

semicircle  as  an  inilcx.     The  lower  half  of  the  se- 

nii-(  ii-clc!  is  divided  into  90".     When  not  cleclri- 

ticd,  its  index  hanK^  jtarallel  to  the  stem  at  0",  hut 

whtn  I'lertrilJdd,  the  ball  recedes  and  cairiea  the  ^___^ 

indi'x  over  the  graduated  circle  to  a  j^rcater  or  less  extent,  in  pnpor^ 

tion  to  the  intensity  of  the  electricity. 

.  117.  The  annihilation  of  positive  by  negative  electricity,  and  via 

iii^ibTinii?- vcrAil,  may  he  well  shown  by  the  following  experiment.     Attach  Hen- 

wi'f  cu'lirr 'y'*  I'lodnuit  cleclrometer  to  the  knob  of  a  Lej'den  jar,  and  give  it  a 

itid.  rcrlain  charge  from  the  positive  conductor  :  tjien  transfer  the  jar  ta 

the  negative  conductor,  and  whilst  receiving  a  negative  chaqte,  the 

electrometer  will  (Idl,  indicating  the  loss  of  all  electrical  accumutatioii ; 

it  then  will  again  rise  as  the  jar  becomes  negatively  charged,  and  mj 

again  be  dischan;cd  by  transferring  it  to  the  positive  conductor. 

ITS.  If  one  Leyden  jar  be  insulated  with  its  iotemal  surface  con* 
it'ota  ■mi"'"*"^'"''  with  the  positive  conductor,  imother  jar  may  be  charged  Itom 
"'  "'"''  its  exterior  coating ;  and  if  tliis  second  jar  be  insulated,  a  third  may  ba 
charged  from  its  exterior  coAig,  und  so  on  for  any  number  of  jan, 
providcil  always  that  the  extenor  coating  of  the  last  jar  be  connected 
with  the  grouml.  In  this  case,  a  polar  ari'iingement,  similar  to  that  of 
the  cnnducloi-^jur<t  described.  (113)  will  have  been  foimed,  gjais  be- 
ing the  medium  of  induction  instead  of  air. 
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Let  c  p  be  the  positive  conductor  of  the  electrical  machine,  and  a  b 
t  three  insulated  Lejden  phials,  the  outer  coating  of  c  being  connected 
with  the  ground  ;  it  is  then  obvious,  that  there  will  be  the  same  polar 
state  as  in  the  conductors  just  noticed  ;  that  the  insides  of  a,  6,  and  c, 
will  be  positive,  and  the  outsides  negative  ;  and  that,  consequently,  on 
remonng  the  jars  from  each  other,  they  will  all  be  similarly  charged, 
and  that  if  the  three  inner  surfaces  p  p  p  and  the  outer  surfaces  nnn 
be  united,  the  whole  may  be  discharged  as  one  jar. 

119.  Upon  this  principle  ajar  may  be  charged  by  the  transfer  of  its 
inherent  electricity  from  one  surface  to  the  other,  by  insulating  it  and 
connecting  its  interior  coating  with  the  positive  conductor,  and  its  exte- 
rior with  the  negative  ; — ^thus  the  electricity  received  by  the  former  is 
withdrawn  from  the  latter,  and  the  jar  becomes  charged.  This  expe- 
riment well  illustrates  the  nou  conducting  power  of  glass. 

120.  The  use  of  the  metallic  coatings  of  the  Ley  den  phial  is  equal-  um  of  theme- 
lyto  distribute  the  electricities  over  the  opposite  surfaces,  for  if  the^"'c  MatiDgi 
coating;!  be  made  moveable  the  jar  remains  charged  when  they  are  re-jar.  *  *^  *^ 
moved.     In  discharging  the  jar,  too,  the  annihilatiou  ifl  rendered  si- 
maltaneoQS  by  the  conducting  coating  suffering  the  transfer  of  the  op- 
posite electricities  from  every  part  of  the  glass  surfaces  at  the  same 
instant. 

121.  There  are  some  other  electrical  instruments  (the  operation  of 
which  is  referable  to  the  phaenomena  of  indnciion^  such  as  the  electro- 
phorus,  and  the  condenser. 

The  tUctT0phoru9  consists  of  two  metallic  plates,  a  a,  with  an  in- 
tervening plate  of  resinous  matter,  6,  for  which  equal  parts  of  shell- 
lac,  resin,  and  Venice  turpentine,  arc  generally  used,  the  mixture  be- 
ing carefully  melted  in  a  pipkin,  and  poured,  whilst  liquid,  into  a  wood- 
en or  metal  hoop,  of  a  proper  size,  placed  upon  a  polished  surface  of 
glass  or  marble,  from  which  it  easily  separates  when  cold  ;  it  should 
be  about  half  an  inch  thick,  and  the  smooth  surface  being  uppermost 
the  lower  side  should  be  covered  with 
tin  foil,  or  attached  to  any  other  metal- 
lic plate  ;  a  polished  brass  plate,  with 

a  g|a«  handle  c  attached  to  it,  is  then  ^ 4  I 1       Eiectrophom 

placed  upon  the  upper  surface  of  the  ^ 

resinous  plate,  and  of  rather  smaller 
diameter.  The  resin  is  then  to  be  ex- 
cited with  a  piece  of  dry  fur,  and  the 
instrument  will  be  found  to  exhibit  the 
following  phsnomena : 

Upon  raising  the  brass  plate  by  its  insulating  handle,  it  will  be  found 
very  feebly  electrical ;  replace  it,  touch  it  with  the  finger  and  again 
lift  "it  off  by  its  handle,  and  it  will  give  a  spark  of  positive  electricity. 
This  process  may  very  often  be  repeated  without  fresh  excitation,  Mode  of  usi a 
which  circumstance,  as  well  as  the  nature  of  the  electrical  charge,*^- 
(hows  that  the  electricity  of  the  moveable  brass  plate  is  not  directly 
derived  from  the  resin,  but  that  it  depends  upon  induction :  this  is 
more  obvious  by  considering  the  upper  plate,  not  as  in  contact  with 
but  merely  very  near  the  resinous  disc,  which  from  the  minute  irre- 
gularities upon  its  surface,  is  really  the  case  ;  the  negative  electricity, 
iberefore,  of  the  excited  resinous  plate  is  communicated  from  a  few 
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_  .■••:n  i>  »'ii'*l  nj)iilication,  nml  Iheri 

f  .1  •'•.•[iiluciur  opposed  to,  bul  not 

;.  r>oqueiitIv  in  due  condition  to 

:.  \\::cii  occasionally  uninsulated  hy 

•  •?..-.•  n  of  intluction  mav  be  shown, 

.:   ••.  «i^v  other  :  namoly,  tlie  inrreas- 

V.  •  ••.•!.j«tor  under  the  inllucncc  of  in- 

..  •  ; ;.»  I'd  upon  the  re*fin,  may  be  re- 

. "'^M'  ^uiliice  next  the  resin  being  po- 

.-«    t^'live.     Upon  touchinj^  the  upper 

*     •:!>  acquires?  electricity,  loses  its  po- 

^•y  -."•jT,  upon  removal,  a  positive  spark  to 

:;:\  oi\dectricity  received  from  thelia* 

.  dvui  to  that  given  out,  is  shown  by  the 

•.'.i»  metallic  upon  the  resinous  plate,  and 

^  X-  ^!»  oC  a  Leyden  phial ;  then  touch  the  cap 

V  10  •»  of  the  phial,  and  it  will  give  a  certain  ne- 

•  o>  :  rai^e  the  ])late  and  present  the  knob  of 

^  >    •   ".  **  :  and  upon  apply  in;:  the  jar  a  second  time 

.  ixc-J  will  entirely  collapse,  showing  the  cx- 

•  "uv  ne;;:ilive.  by  the  latter  po-fitivc  charge. 

•  •    t'i  IS  nl:i'»Ml  upon  an  inifulatin;;  ^tand,  its  low- 

•  .w  an  oppo.-iir^  rlectrical  stale  to  tlie  upper  one, 

v;.*tnibl;'<  l!it'  coatings  of  a  Leyden  jar. 

*   •.  t\  ot'ten  be  i\>v\  lor  the  same  pur^ioses  as  the 

^        •  m  the  laborc'.torv  it  furnishes  a  very  convc- 

uiore  «'Vp«Mi>iv«.'  pii'ce  of  ap]>anitu^. 

,  ■  'U*»l  »iurta«  e  is  oppu-od  to  another  which  is  net 

•iVoi'tedby  it  j>v  inliirtion.  the  (dectricily  commu- 

^'ilVers  a  sin;^:d.ir  in  rcasi>  of  tension  or  inten&it>' 

•  .  tion  by  renKuiiiu:  tii*  op]»o*ed  uninsulated  con- 

V     \  i> -trikini^ly  <'>khibiuMl   in  the  followinjr  experi- 

1      I'vj-^  pl.ite,."i  or  1,  inches  in  diameter,  and  drop  up- 

.'  '.'irt'e  small  spot**  of  -"ilinjr-v.rix  ;  place  it  upon  a 

•  1-.  ihe  cap  of  tin*  uold  K:.jf  ♦dectrometer,  from  wliich 

;..!  .il'out  a  twentieth  of  an  inch  by  the  three  small 

*^  !\.     ConruTt  the  upper  plate  with  the  ground  by 

X  ^- .^  %*  a  very  i'c»blo  el»r*i  ii«;d  charp-  to  the  electrometer, 

V-.-.  cptiblv  to  diverj.*'  i^-  haves  ;  then  >uddenlv  remove 

'«\  which  the  iiiduilioii  will  or  broken,  and  the  ten- 

.    .".?v  sutldenlv  iri<  rra.-ed,  'u  a*:  to  cause  a  very  consi- 

.^    V*'  %  f  the*  leave*. 

^    ••«\\\vmI  in  this  expr.ri- 

V.  I    t-dhnl     fu/»(/(;i>r/\v. 

.  .   :u'^  placed  perpcM.sii- 

■/  v.'un^'al.iiod  plate  ((  i^j 

•  \^i»'c  and  jeint,  so  a-  to 

.  .  iv»^i'  a>  pos>inle  to  the 

.  .  \\:;hout  louchir.'i  ; 

•  ,  oj.vuijnication  with  iho 

ul  havinjr  received  its 
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SometimeB  the  condenser  is  directly  attacli- 
cd  to  the  electrometer,  as  shown  in  the  an- 
nexed cat — a,  the  insulated  plate  ;  6,  the  mo- 
Teahle  plate  in  communication  with  the 
gromid. 

Various  attempts  have  been  made  so  to 
ronlnie  electrical  condensers,  as  to  multiply 
their  effect,  and  render  very  slight  electrical 
changes  susceptible  of  measurement  and  cx- 
aniDation  ;  of  this  nature  is  the  Electrical  Mul- 
HpUtTj  contrived  by  Mr.  Cavallo,  {Complete 
Treatiae  on  Eltetricityj  Vol.  iii.  p.  99  ;)  the 
DoMeri  of  Mr.  Bennet  and  Mr.  Nicholson, 
fFUf.  Trans,  buvii.  and  Ixxviii.)  and  Mr.  Wilson's  Double  Multiplier^ 
(NicH0i«50N*s  Journal  J  ix ;)  but  the  complexity  of  these  instruments, 
m  Mr.  Singer  has  remarked,  renders  their  results  equivocal,  and  often 
hai  a  tendency  to  produce  the  electrical  states,  independent  of  the  in- 
tended source,  or  to  change  that  originally  communicated. 

123.  Electricians  generally  employ  the  term  quantity  to  indicate  the  q,^^.^  j^. 
absolute  qoantity  of  electric  power  in  any  body,  and  the  term  intensi-  u  nutyV(n\t9, 
ty  to  signify  its  power  of  passing  through  a  certain  stratum  of  air  or^'^^***^' 
other  ill-conducting  medium. 

If  we  suppose  a  charged  Leyden  phial  to  furnish  a  spark,  when  dis- 
charged, of  one  inch  in  length,  we  s^hould  find  that  another  uncharged  '"^^^''"' 
Leyden  phial,  the  inner  and  outer  coating  of  wliich  were  communicat- 
ed with  those  of  the  former,  would  upon  the  same  quantity  of  electri- 
city being  thrown  in,  reduce  the  length  of  the  spark  to  half  an  inch  ; 
here,  the  quantity  of  electricity  remaining  the  same,  its  intensity  is  di- 
minished by  one-half,  by  its  distribution  over  the  larger  surface. 

124.  It  is  obvious,  that  the  extension  of  surfurc  alluded  to  in  the  Xnai 
paragraph,  will  be  attended  with  a  greater  superficial  exposure  to  the 
unelectrified  air;  and  hence  it  might  be  expected, that  a  similar  dimi- 
natioQ  of  intensity  would  result  from  tiie  vicinity  of  the  electritiod 
rariace  to  the  ground,  or  to  any  other  body  of  sufficient  magnitude  in 
its  ordinary  state.  That  this  is  the  case,  may  be  shown  by  diverging 
the  leaves  of  the  gold-leaf  electrometer,  and  in  that  state  approaching 
the  instrument  with  an  uninsulated  plate,  which,  when  within  half  an 
inch  of  the  electrometer  plate,  will  cause  the  leaves  to  collapse  ;  but 
on  removing  the  uninsulated  plate,  they  will  again  diverge,  in  consc- 
cpience  of  the  electricity  regaining  its  former  intensity.  The  same 
£M:t  is  shown  by  the  condensing  electrometer. 

125.  The  power  of  the  Leyden  jar  is  proportioned  to  its  surface,  hut  p^^^^  ^ ., . 
a  very  large  jar  is  inconvenient  and  diilicult  to  procure;  tlie  samei-'.v'«enj-rm 
end  is  attained  by  arranging  several  jars,  so  that  by  a  communication  Jti"]u7fa|.'"/" 
existing  between  all  their  interior  coatings,  their  exterior  being  also 

united,  they  may  be  charged  and  discharged  as  one  jar.     Sucti  a  com- 
bination is  called  an  electrical  Battery,  and  is  useful  for  exhibiting  the  r.i'>rtr;.'ai 
effect  of  accumulated  electricity.  'I'li-iy. 

The  discharge  of  the  battery  is  attended  by  a  considerable  report,  I'^iKimnr'' 
ud  if  it  be  passed  through  small  anim:ds  it  instimtly  kills  them;  if,'!^"'.'.'!''  ' 
through  fine  metallic  wires,  they  arc  ignited,  melted,  and  burned  ;  and  ';*";^^*■J'j^.' '" 
funpowder,  cotton  sprinkled  with  powdered  resin,  and  a  varitity  ^^     J  ..',.^^, 
ttther  combustibles,  may  be  inflamed  by  the  same  m^^un^^.  !!7-'ii>m  .  «:c. 


U  KLKCT&ICITY. 

Other Boimei  ^^^'  There  are  many  other  sources  of  electricity  than  those  iosC 
of  electricity,  noticed.  When  glass  is  rubbed  by  mercury,  it  becomes  electrified, 
and  this  is  the  cause  of  the  luminous  appearance  observed  when  a  baro- 
meter is  agitated  in  a  dark  room,  in  which  case  flashes  of  light  are  seen 
to  traverse  the  empty  part  of  the  tube.  Even  the  friction  of  air  upon 
glass  is  attended  by  electrical  excitation  :  for  Mr.  Wilson  found  that 
by  blowing  upon  a  dry  plate  of  glass  with  a  pair  of  bellows,  it  acquir- 
ed positive  electricity.  W^henever  bodies  change  their  forms,  their 
electrical  states  are  also  altered.  Thus  the  conversion  of  water  into 
vapour,  and  the  congelation  of  melted  resins  and  sulphur,  are  pro- 
cesses in  which  electricity  is  also  rendered  sensible. 

1 27.  When  an  insulated  plate  of  zinc  is  brought  into  contact  with 

one  of  copper  or  silver,  it  is  found,  afler  removal,  to  be  positively 

electrical,  and  the  silver  or  copper  is  left  in  the  opposite  state. 

Of  two  metals     The  most  oxidizable  metal  is  always  positive,  in  relation  to  the  least 

S^^ed  thf"   oxidizable  metal,  which  is  negative,  and  the  more  opposite  the  metah 

bi^*int  u'i"-*  ^^  these  respects,  the  greater  the  electrical  excitation ;  and  if  the 

wayi  positive,  mctals  be  placed  in  the  following  order,  each  will  become  positiYe  by 

the  contact  of  that  which  precedes  it,  and  negative  by  the  conta^ 

of  that  which  follows  it ;  and  the  greatest  effect  will  result  from  die 

contact  of  the  most  dist^uit  metals. 

Platinum. 

Metallic  ar-  q.. 

rangcinent  for  Silver. 

wSn!"  "'^  Mercury. 

Copper. 
Iron. 
Tin. 
Lead. 
Zinc. 

If  the  nerve  of  a  recently  killed  frog  be  attached  to  a  silver  probe, 

c^uducfe'dTby  snd  a  piece  of  zinc  be  brought  into  the  contact  of  the  muscular  parts  of 

nerroi.         the  animal,  violent  convulsions  are  produced  every  time  the  metab 

thus  connected  are  made  to  touch  each  other  ;  exactly  the  same  effect 

is  produced  by  an  electric  spark,  or  the  discharge  of  a  very  small  Ley 

den  phial. 

If  a  piece  of  zinc  be  placed  upon  the  tongue,  and  a  piece  of  silver 
under  it,  a  peculiar  sensation  will  be  perceived  every  time  the  two 
metals  are  made  to  touch. 
ch«micaiac-      128.  In  these  cases  thc  chemical  properties  of  the  metals  are  ob* 
Sf^ng^hia  oT  served  to  be  affected.  If  a  silver  and  a  zinc  wire  be  put  into  a  wirfe  glass 
electricity,     full  of  dilutc  sulphuhc  acid,  the  zinc  wire  only  will  evolve  gas ;  but  up- 
on bringing  the  two  wires  in  contact  with  each  other,  the  silver  fvUI 
also  copiously  produce  air  bubbles. 

]  29.  If  a  number  of  alternations  be  made  of  copper  or  silver  leaf,  zinc 
i^iectric  CO-  ^c^^»  »nd  thin  paper,  the  electricity  excited  by  the  contact  of  the  metals 
luma  ^^\\\  be  rendered  evident  to  the  common  electrometer. — a  represents  a 

glass  tube,  in  which  are  regularly  arranged  a  number  of  alternating 
plates  of  silver,  zinc,  and  thin  paper,  forming  de  Luc's  electrical  column* 
The  metallic  cap  b  is  in  contact  with  the  silver  plate,  and  c  with  the 
zinc  plate»  at  the  respective  extremities  of  the  pile.    Upon  examining 


^  olectroineteii,  it  will  be  found  that  b  ia  oegatively  direrged,  and  c 


f 


UB.  If  the  umc  amngement  be  made  with  the 
Mcr  amatened  with  brine,  or  a  weak  acid,  it  will  be 
Mid  OB  brii^i^  a  wire  conununicetiiig  with  the  lait 
wpper  plate  into  contact  mth  the  first  zinc  plate,  th^ 
inaA  ia  perceptible,  and  tdio  a  flhght  shock,  provi- 
M  the  somber  of  altematioiu  be  sufficieDtl;  oume- 
iMi.     This  is  the  Voltaic  apparatus. 

131.  Several  modes  ofconstructiDg  this  apparatus 
hiTe  been  adopted,  with  a  view  to  render  it  more 
CMirenieDt  or  active.  Sometimes  double  plates  of 
upper  and  zinc  aoldered  tt^etber,  are  cemeoted  in- 
to wooden  troagbs  in  regular  order,  the  intervening 
wilt  being  filled  with  water,  or  saline  or  acid  aolu- 


132.  Another  fonn  coosiets  in  arranging  a  row  of  glaaees,  containing 
tiateiulphuricacid,  in  each  of  which  is  placed  a  wire  or  plate  of  silver  uwlTog 
•r  copper,  and  one  of  zinc,  not  touching  each  other,  but  so  connected  T"'"' ■^ 
bj  metallic  wires,  that  the  zinc  of  the  first  cup  may  communicate  with  ''™' 
the  copper  of  the  second ;  the  zinc  of  the  second  with  the  copper  of 
the  third,  and  so  on  throoghout  the  series,  as  represented  in  the  an- 

KUdCQtS. 


By  applying  ihe  moistened  fingers  to  Ihe  eitreme  wires  r  and  w,  » 
shock  will  be  fell ;  and  on  making  a  communication  between  them  bja 
wire,  it  will  be  found  that  the  copper  plates  in  Fig.  1,  and  the  ailrer 
wires  in  Fig.  2,  instantly  acquire  the  power  of  decomposing  the  dilnle 
sulphuric  acid,  and  that  the>:hemical  action  of  the  zincismucbangmeut' 
ed.  One  advantage  of  this  arrangement  over  the  former  (131)  is,  that 
both  surfaces  of  the  metal  are  exposed ;  whereas  in  the  other,  by  set 
dering  the  plnlc<>  together,  its  artion  is  diminished. 

133.  In  (he  following  sketch,  the  trough  a  is  made  of  earthenware, 
''  with  partitions  of  the  same  material,  and  the  metallic  plates  are  attach- 
ed to  a  bar  of  wood,  arranged  as  in  Fig.  1 ,  so  that  they  can  be  ii 


anil  removed  at  one  operation.  The  troughs  are  filled  with  dilute  »* 
cid,  and  by  uniting  them  in  regular  order,  the  apparatus  may  be  en- 
largcd  to  any  extent.  This  is,  on  the  whole,  the  best  form  of  the 
Voltaic  instrument  hitherto  devised,  and  it  is  thus  that  the  great  appa- 
ratus of  the  Koyal  Institution  is  constructcil.  • 

134.  When  from  500  tolOOO  double  plates  are  tlius  arranged  and  ren- 
dered active  by  immersion  into  a  liquid  consisting  of  about  sixty  parts 
of  water  with  one  of  nitric  and  one  of  sulphuric  acid,  very  brilliant 
effects  are  produced  when  the  opposite  polos  are  properly  united  by 
conductors.  Thus,  if  apiece  of  charcoal  united  with  the  negative  \.ire 
be  made  (n  touch  another  piece  united  with  the  positive  wire,  a  bright 
spark  and  intense  ignition  ensue,  and  by  slowly  v.-ithdrawiug  the  points 
from  each  other  a  constant  current  of  electricity  t;ikcs  place  through 
the  heated  air,  producing  a  magnificent  arc  of  intense  light,  in  the  form 
here  represented. 
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IThen  the  metals  and  other  inflammable  bodies  are  placed  in 
f  fire  they  burn  with  great  brilliancy,  and  those  which  are  . 

cult  of  fusion  give  evidence  of  the  intensity  of  the  heat  by  znAfu!\ooa 
melting  ;  and  some  earthy  and  other  bodies  infusible  by  or-  ™««^»- 
3thods  arc  liquefied  by  the  same  means.  The  shock  is  pain- 
iDgeroas.  When  the  communication  between  the  points  of 
is  made  in  rarefied  air,  the  annihilation  of  the  opposite  elec- 
:ake9  place  at  some  inches*  distance,  producing  a  stream  of 
pie  light. 

Vhen  the  poles  of  the  Voltaic  apparatus  are  connected  by  a  Magnetism 
e,  it  acquires  magnetic  properties ;  and  if  by  a  platinum  or  '^j'^'^jj™* 
tallic  wire,  that  wire  exhibits  numerous  magnetic  poles,  which 
nd  repel  the  common  magnetic  needle.     This  very  curious 
fint  observed  by  Professor  Oersted,  of  Copenhagen. 
"hk  immersing  the  wires  from  the  extremes  of  this  apparatus 
•r,  it  is  found  that  the  fluid  suffers  decomposition,  and  that  ^^^Jjjjjj^ 
as  is  liberated  at  the  positive  wire  or  pole,  and  hydrogen  gas 
gative  pole. 

bier  substances  are  decomposed  with  similar  phaenomena,  the  combiistibi* 
ble  element  being  disengaged  at  the  negatively  electrical  **^r- jSn*|n  t"*li- 
nce  it  would  appear,  upon  the  principle  of  similarly  electri-  s»tiye  pole. 
es  repelling  each  other,  and  dissimilarly  electrified  bodies  at- 
each  other,  (96)  that  the  inherent  or  natural  electrical  state  Ezpiaoatioi. 
flammable  substances  is  positive,  for  they  are  attracted  by  the 
or  oppositely  electrified  pole  ;  while  the  bodies,  called  sup- supnortew  of 
)f  combustion,  or  acidifying  principles,  are  attracted  by  the  ^^J"°j'«^o° 
pole,  and,  therefore,  may  be  considered  as  possessed  of  the  to  th^  posiut« 
power.  ^^" 

PIThen  bodies  are  thus  under  the  influence  of  electrical  decom- 
their  usual  chemical  energies  are  suspended,  and  some  very  ^^*|*™jf^'ij^^^^ 
>haenomena  are  observed,  which  may  be  illustrated  by  the  fol-  «<!  by  gaWa^ 
cperiments. 

le  i^ass  tubes  a  a,  which 
4I  at  top  and  open  at  bottom, 
isioa  of  violets,  or  red  cab- 
d  invert  them  in  the  basins 
aining  a  solution  of  Glau- 
It,  and  connected  by  the 
e  c,  also  containing  the  blue 
p  and  N  are  phitinum 
vhich  pass  into  the  tubes 
» the  bottom,  and  which  are 
•naectcd  with  the  positive 
tivc  extremities  of  the  Vol- 
iratus.  It  will  be  found  that 
is  evolved  at  the  wire  r, 
t>gen  at  5,  derived  from  tlie 
•fition  of  the  water.     The 
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Glauber's  salt,  which  consists  of  sulphuric  acid  and  soda,  will  also  be 
decomposed  ;  and  the  blae  liquor  will  be  rendered  red  in  the  positiTe 
vessel,  by  the  accumulation  of  sulphuric  acid,  and  green  in  the  negative, 
by  the  soda,  while  the  acid  and  alcali  will  each  traverse  the  tube  c 
without  uniting,  in  consequence  of  being  under  the  influence  of  eleo 
trical  attraction. 

139.  The  most  difRcultly  decomposable  compounds  may  be  thus  re* 
solved  into  their  component  parts  by  the  electrical  agency ;  by  a  weak 
power  the  proximate  elements  are  separated,  and  by  a  stronger  power 
these  are  resolved  into  their  ultimate  constituents.  (51). 

140.  All  bodies  which  exert  powerful  chemical  agencies  upon  each 
i>ary'«  idcii  ^^^^r  when  freedom  of  motion  is  given  to  their  particles,  render  each 
•f  th«  connec-  Other  oppositcly  electrical  when  acting  as  masses.  Hence  Sir  H.  Davy, 
dbemkaTa't"  the  greut  and  successful  investigator  of  this  branch  of  chemical  philoao- 
tractioo&^-pliy^  has  supposed  that  electrical  and  chemical  phaenomena,  thoogli  ia 
ram^B.        themselves  quite  distinct,  mtiy  be  dependent  upon  one  and  the  sainft- 

power,  acting  in  the  former  case  upon  masses  of  matter  in  the  other 
upon  its  particles. 

141.  The  power  of  the  Voltaic  apparatus  to  commanicate  diver- 
Sr*^SJSSli.'  g^nce  to  the  electrometer,  is  most  observed  when  it  is  well  insulated 
the  power  of*  and  tilled  with  pure  water  ;  but  its  power  of  producing  ignition  and  of 
JJl^'J^^*^***" giving  shocks,  and  of  producing  the  other  effects  observed  when  ift 

poles  are  connected,  are  much  augmented  by  the  interposition  of  dilnta 
acids,  which  act  chemically  upon  one  of  the  plates  :  here,  the  inaola* 
tion  is  interfered  with  by  the  production  of  vapour,  but  the  quantity  of 
electricity  is  much  increased,  a  circumstance  which  may,  perhaps  be 
referred  to  the  increase  of  the  positive  energy  of  the  most  ozidable 
metal  by  the  contact  of  the  acid.  In  experiments  made  with  the 
battery  of  the  Royal  Institution,  it  has  been  found  that  120  plates 
dered  active  by  a  mixture  of  one  part  of  nitric  acid  and  three  of  water* 
produced  effects  equal  to  480  plates  rendered  active  by  one  part  of  ni- 
tric acid  and  fifteen  of  water. 

142.  In  the  Voltaic  pile,  the  intensity  of  the  electricity  increases 
with  the  number  of  alternations,  but  the  quantity  is  increased  by  ezten- 

fl7inu:l^ij^  ding  the  surface  of  the  plates.  Thus,  if  a  battery,  composed  of  thir^ 
'•'  «iu;uitit/.  pairs  of  plates  two  inches  square,  be  compared  with  another  battery  m 
thirty  pairs  of  twelve  inches  square,  charged  in  the  same  way,  no  differ- 
ence  will  be  perceived  in  their  effects  upon  bad  or  imperfect  condoc- 
tors  ;  their  powers  of  decomposing  water  and  of  giving  shocks  will  be 
similar  ;  but  upon  good  conductors  the  effects  of  the  lai^e  plates  wiH 
be  considerably  greater  than  those  of  the  small :  they  will  ignite  and 
fuse  large  quantities  of  platinum  wire,  and  produce  a  very  brilliant 
spark  between  charcoal  points.  The  following  experiment  well  illos- 
trates  the  different  effects  of  quantity  and  intensity  in  the  Voltaic  appa- 
ratus. 

Immerse  the  platinum  wires  connected  with  the  extremity  of  e 
charged  battery  composed  of  twelve-inch  plates  into  water,  and  it  wiH 
i^X*tTou.^'^  be  found  that  the  evolution  of  gas  is  nearly  the  same  as  that  occasioned 
by  a  similar  number  of  two-inch  plates.  Apply  the  moistened  6ngen 
to  the  wires,  and  the  shock  will  be  the  same  as  if  there  were  no  con* 
nexion  by  the  water.  While  the  circuit  exists  through  the  human  bo- 
dy  and  the  water,  let  a  wire  attached  to  a  thin  slip  of  charcoal  be  made 
to  connect  the  poles  of  the  battery,  and  the  charcoal  will  beeiMDe 
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vmdly  ifrnitcd.  The  watc^rand  the  aoimal  sululiuice  diKharge  the  elrc- 
tncity  of  a  surface  probahly  not  superior  to  thuir  own  ciirface  afcuti- 
tact  with  the  mctaU  ;  tlic  wiies  tlittchargc  all  the  residua)  electricity  of 
thep)n(e»  ;  and  if  a  iiimilar  experiment  be  m'rtdo  on  plates  of  an  inch 
tquare,  there  will  scarcely  he  any  Herniation  when  the  hands  are  ntade 
to  ronnect  the  ends  of  the  hattery,  a  circuit  being  previously  made 
threogh  water  ;  and  no  spark,  when  charcoal  is  made  the  medium  of 
coBnesion,  imperfi^ct  ronductors  having  been  previously  applied. 

These  relative  efTects  of  quantity  and  intensity  were  admirably  il- 
lustrated hy  the  experiments  instituted  by  Mr.  Children,  who  con- chUJr-ai 
(tnicted  a  battery,  the  plates  of  which  were  two  feet  eight  inche*''"'"?- 
viilc,  and  six  feet  high.  They  were  fastened  to  a  beam  suspended  by 
(ODBlerpoises  from  the  ceiling  of  his  laboratory,  so  as  to  be  easily  im- 
nwned  into  or  withdrawn  from  the  cells  of  acid.  The  effects  upon 
iMtiUic  wires  and  perfect  conductors  were  extremely  intense  ;  but  up- 
M  imperfect  conductors,  such  as  the  humun  body,  and  water,  they 
were  feeble. — Pkil.  Tram.,  1815,  p.  363. 

143.  When  the  extremes  of  a  battery  composed  of  large  plates  are 
initedby  wires  of  different  metals,  itis  found  that  some  arc  morceasily 
^lited  than  others,  a  circumstance  which  has  been  referred  to  their"^'""'*' 
conducting  powers  :  thu:>,  platinum  is  more  easily  ignited  tlian  sUver, 

xtd  lilrer  than  zinc.  If  the  ignition  be  supposed  to  result  from  resis- 
tuee  to  the  passage  of  electricity,  we  should  say  that  the  zinc  conduct- 
ed better  than  silver,  and  the  silver  than  platinum. 

144.  An  important  improvement  ban  oeen  suggested  in  the  conatnic- 
tion  Qt  the  Voltaic  apparatus  by  Dr.  Wollastoh,  (^Jlimals  of  Philosophy, 
Sept.  1S1&.)  by  which  great  increase  of  ipumtily  is  obtained  without 
iiKonrenient  augmentation  of  the  size  of  the  plates  :  it  coni^iMs  in  rx- 
itDiJing  the  copper  plate,  so  as  to  oppose  it  to  every  surface  of  tlie 

A, 
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zinc,  a.*  seen  in  the  annexed  cut.  a  is  the  rod  of  wood  to  which  fbt 
platos  aiT  screwed ;  hb  the  zinc  plates  connected  as  usual  with  tJbe 
coiipcr  plates  cc,  which  are  doubled  over  the  zinc  plates,  and  opposed 
to  them  upon  all  sides,  contact  of  the  surfaces  being  prevented^by 
pieces  of  wood  or  cork  placed  at  no. 

With  a  single  pair  of  plates  of  very  small  dimensions  constructed  up- 
on (his  principle.  Dr.  Wollaston  succeeded  in  fusing  and  igniting:  a  fine 
The  tncs* '-.'o  platinuiu  wire.  From  the  experience  which  I  have  had  of  this  con- 
"J,"fi;^.^"''"strnclion.  I  am  inclined  to  consider  it  the  most  oeconomical  and  useful 
form  of  the  Voltaic  apparatus  ;  certainly,  at  least,  it  is  so  for  all  those 
rcsearrhoji  in  which  there  is  an  occasional  demand  for  quantity  as  well 
as  intf^iisity  of  electricity. 

1  lo.  The  theory  of  (he  Voltaic  pile  is  involved  in  many  difficultiei. 
The  original  source  of  electricity  appears  to  depend  upon  the  coDtact 
of  the  metals,  for  we  know  that  a  plate  of  silver  and  a  plate  of  nnc, 
vni'a'o  piiy    Qi-  of  any  other  diflicultly  and  esisily  oxidahle  metals,  become  negvti?e 
Thl^^f i'lM  ijli  •"  and  positive  on  conliict.     The  accumulation  must  be  referred  to  iVuhK- 
ofjuducticu.   ^/or?,  which  takes  place  in  the  electrical  column  (129)  through  the 
very  thin  stratum  of  air  or  ]mper,  and  through  water  when  that  fluid 
is  interposed  between  the  plates.     Accordingly  we  olwerve  that  the 
apparatus  is  in  the  condition  of  the  series  of  conductors  with  interpOB- 
ed  air  (112)  and  of  the  Leyden  phials  (118).     When  the  electric  co- 
lumn is  insulated  the  extremities  exhibit  feeble  neg-ative  and  positife 
powers,  hut  if  either  extremity  be  connected  with  the  ground,  fha 
electricity  of  its  poles  or  extremities  is  greatly  increased,  as  may  be 
shown  by  the  increased  divergence  of  the  leaves  of  the  electrometer 
which  then  ensues. 
Ki<'t.i.i!y         1 IC.  As  general  changes  in  the  form  and  constitution  of  matter  are 
aoih-"  in 'ua-  conucctod  with  its  electrical  states,  it  is  obvious  that  electricity  mult 
ture.  be  continually  active  in  nature.     Its  erfects  are  exhibited  on  a  muni- 

ficent s(*ale  in  the  thunder-storm,  which  results  from  the  accumulation 
of  rlc^tricity  in  the  clouds,  as  was  first  experimentally  demonstrated 
by  Dr.  Franklin,  who  also  first  showed  the  advantage  of  pointed  con- 
i,ishtning      ductors  as  safeguards  to  buildings.     In  these  cases  the  conducting  rod 
'^^'  or  rods  should  be  of  copper  or  iron,  and  from  half  to  three-fourths 

of  an  inch  diameter.  Its  upper  end  should  be  elevated  three  or  four 
feet  above  the  highest  part  of  the  building,  and  all  the  metallic  parti 
of  the  roof  should  be  connected  with  the  rod,  which  should  be  per- 
fectly continuous  throughout,  and  passing  down  the  side  of  the  build'- 
ing,  penetrate  several  feet  below  its  foundation,  so  as  always  to  be  im- 
mersed in.  a  moist  stratum  of  soil,  or  if  possible,  into  water.  The 
leaden  water-pipes  attached  to  houses  often  might  be  made  to  answer 
the  purpose  of  conductors,  e-^pccially  when  thick  enough  to  resist  fu- 
sion. 

During  a  thunder-storm  the  safest  situation  is  in  the  middle  of  a 
room,  at  a  distance  from  the  cliimney,  and  standing  upon  a  woollen  rug, 
which  is  a  nonconductor.  ISlankets  and  feathers  being  nonconductors, 
bed  is  a  place  of  coniparative  safety,  provided  the  bell-wires  are  not 
ton  near,  whirh  are  almost  always  melted  in  houses  struck  by  lightning. 
Wlitm  out  of  doors,  it  is  dangerous  to  take  shelter  under  trees  :  the 
safest  situation  is  within  some  yards  of  them,  and  upon  the  dryest  spot 
that  ran  he  selected, 
ivisciiar^c  of  The  discharge  of  electricity  in  a  thunder-storm  is  sometimee  oa* 
If L:oiu£.      fj.^j^  ^I^^Q  ^^  ^1^^  j .  «Q|Q(.^IQes  from  the  earth  to  the  clouds ;  m 
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imetimcs  from  the  clouds  to  the  earth,  as  one  or  other  may  be  posi- 

re  or  negative.     When  aqueous  vapour  i.4  conJenstul,  the  clouds 

»rmedare  usually  more  or  less  eloctrical ;  and  the  earth  below  them 

eing  brought  into  an  opposite  state,  by  induction,  a  (h^^ciKirj^e  takes 

lace  when  the  clouds  approach  within  a  certain  dist:aico,  constituting 

ightnin; ;  and  the  undulation  oftlie  air,  proihiced  hy  the  dischar:;e.  is 

tiecause  of  thunder,  which  i«  mure  or  less  inteu^^e,  and  of  longer  or 

borter  duration,  according  to  tlie  quantity  of  air  acted  upon,  and  the 

idtance  of  tliG  place,  where  the  report  is  heard  from  tlie  point  of  ihcMr.r<>ofd<.tcr. 

iicliai^.     It  may  not  he  uninteret'ting  to  give  a  f  urllier  ilhistration  of  J^'^"^^;;* '"» ^'^ 

H  idea ;  electrical  effects  take  place  in  no  senj^ihle  time  ;  it  hits  been 

und  that  a  discharge  through  a  circuit  of  tour  miles  is  instantaneous  ; 

jtsonnd  moves  at  the  rate  of  about  twelve  miles  in  a  minute.     Now, 

:pposiiig  the  lightning  to  pass  through  a  space  of  some  miles,  the  ex- 

QHon  will  be  first  heard  from  the  point  of  the  air  agitated,  nearest  to 

e  spectator ;  it  will  gradually  come  from  the  more  distant  parts  of 

!  coarse  of  the  electricity,  and  hist  of  all,  will  be  heard  from  the  re- 

rte  e&tremity ;  and  the  ditferent  degrees  of  the  agitation  of  the  air, 

i  likewise  the  difference  of  the  distmce,  will  account  for  the  difter- 

tiotensities  of  the  sound,  and  its  apparent  reverberations  :md  cimnges. 

^'  In  a  violent  thunder-storm,  when  the  sound  instantly  succeeds  tlie 

sb,  the  persons  who  witness  the  circumstance  are  in  some  danger ; 

leo  tbe  interval  is  a  quarter  of  a  minute,  they  are  secure.'^ — Davy'si 

rmenlj,  p.  139. 

147.  A  variety  of  electrical  apparatus  has  been  devised  to  illustrate  Apparam? :.. 

s  operation  of  conductors  for  lightning,  and  the  advantage  of  points  JlVion  wnMr^-- 
er  balls ;  the  simplest  consists  of  a  model  of  a  house  having  a  con-  ""'■.  «"»^'J"^ 
ctor  with  a  break  in  it,  in  which  some  inflammable  matter  should  be 
iced  ;  the  lower  end  of  the  conductor  should  be  conmiunicated  with 
*  exterior  of  a  charged  Leyden  phial,  the  knob  of  wliich,  brought 
er  its  upper  end,  will  then  represent  a  thunder-cloud.  If  th<«  con- 
ctor  be  pointed,  it  will  be  slowly  discharged ;  if  surmounte«l  by  a 
11,  there  will  be  an  explosion,  and  the  combustibles  probably  inllani- 

■ 

148.  The  coruscations  of  the  aurora  horealis  are  also  probably  elec-  Auronbor^.- 
cal,  and  much  resemble  flashes  of  electric  light  traversing  rarefied  j!'^^. '*■'■"■ 
•.    The  ik'iUtr'Spout  may  be  referred  to  the  same  source,  and  is  pro- 

bly  the  result  of  the  operation  of  a  weakly  electrical  cloud,  at  an 
coosiderable  elevation  above  the  sea,  brought  into  an  opposite  electri- 
iMate  :  and  the  attraction  of  the  lower  part  of  the  cloud,  tor  the  sur- 
ce  of  the  water,  may  be  the  inmiediatc  cause  of  this  extraordinary 
isnomenon. 

149.  In  the  ^ymaotw  or  electric  eel,  and  in  the  torpedo  or  electric  ray,  . 

rearrangements,  given  to  those  remarkable  animals  for  the  purposes  oi\^\C".^' ""' 
iffence,  which  cert«iin  forms  of  the  Voltaic  apparatus  much  resend}le, 
if  they  consist  of  many  alternations  of  different  substances.     Thc-t*. 
ectrical  organs  are  much  more  abundantly  supplied  with  nerve**  than 


roducing 

!te.     If  the  hind  legs  of  a  frog  be  placed  upon  a  gla-is  plaio,  and  l**^"^';;;;:'";'''". 

r^ral  nerve  dissr»cti'd  out  of  one  made  to  communicate  with  tlio  other,  '/'i/ 
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.  -^  >;;.>ional  rontacta  with  the  rrma'iriiJ 

•  ^       ^e  .ii:iimii  will  bo  .'te;it:tt('f.i  at  each  ct>i 

^     .  ♦  V  .uJut  Oil  some  physioloiri^is'  to  ^uppos 

■  1 .1  m  some  of  the  mo!?t  recondite  pha 

«*  . '.!  i-iton.  Sir  hi.  Home,  ami  ni\self,  ha% 

>    .      :\:  to  conlcr  probability  on  this  idea.— 

ri.ui^iMe  hypotlii-i*  rnncemins:  the  caufe  i 

•••luh  iho  siil»jccl  har  erieaged  the  attention  < 

^  V  'roi*>  of  Kiiro]K\     They  liave  been  by  80id 

•  -<.    :i-  .M\t  pernliar  ihiid  ^•xi^tins  in  all  matter,  an 

V   i;»l»o.iran('es  whir.h  have  been  described,  whe 

I  ^  i-iturbod,  presenting  negative  and  positive  elet 

••.1  .    i-ui  when  redundant.     Others  have  plausibly  ai 

.  ^.  ■^  V  Miwo  rtuids,  distinct  from  each  other.     Othei 

.  ^     H'  ouoccs  as  relrrablc  to  peculiar  exertions  of  the  a 

^    .   iMiier,  and  have  regarded  the  existence  of  any  dii 

...I    rin.aior  to  be  as  unner.essary  to  the  explanation  < 

.  .^  It  i>  in  the  question  concerning  the  cause  of  grav 

.     K*  il  inn»  o\'  .1  candle  is  placed  between  a  positive  ar 

,,  .  ii  I-  urj;ed  towards  the  latter  ;  a  cirr.nitistance  whic 

k  ,.  ,d  i!p.»n  the  supposition  of  a  current  uf  electrical  ma 

..I  li't'  po^ili\e  to  the  negative  pole  ;  indeed,  it  h'M  bee 

i  n.Mi-MMtuii:  the  evi-teiiri*  of  such  a  current  of  matte 

fv  of  pho-plionis  be  Mib^iituted  for  that  of  a  candle, 

>.  ;•  ihreciion  :  and,  in^lrad  of  lM»ing  attracted  towaRlstli 

A    ^i"  to  the  positive  surlare.     It  has  been  shown  that  ii 

N*'^-'.  are  alw.i>s  attracted  bv  noij.'tive  surfaces,  and  ac 

.  N'^v*  in   which  the  snpportci*s  of  condni>tion  prevai 

.»%  p««>ili\e -iurfices  (l.'»7.)     licncc  the  tianie  of  thecal 

^  mI  iMrl)on,  is  directed  to  the  negative  pole,  while  that  ■ 

•    jiui';  acid  matter  go<-s  to  the  ]»osilive,  consistently  wii 

'.   »\-  of I'loctrocheniical  attr.ution. — rhiL  Trans. ^  1814 

is"\'  ire  other  experiments  opposed  to  the  idea  that  electi 

.  :  i.d  Hiil»«.lnnce.     If  we  «lisciiarge  a  Leyden  phial  through 

.    ..  .  • .  I  he  piM'foration  is  equally  burred  upon  both  sides,  ar 

^ .,    »v  Mci;ali\  e  side  only,  as  would  have  been  the  case  if  any  mi 

\ss   >.i. I  i;enc  through  in  that  <iireclion.     The  power  seems  i 

,    •  vm  ihe  centre  of  the  paper,  as  if  one  half  of  the  quire  hs 

. ...  .•  l»\  the  positive,  and  the  other  by  the  negative  surfac 

K  •  I  pointed  metallic  wire  is  ])i  evented  towards  the  condu> 

»,     .1  ^  ■  umI  machine,  in  a  d.irkencd  room,  a  star  of  light  is  ol 

,    .  u  .    -'o  conductor  is  positive,  but  a  brush  of  light  when  it 

vuinMance  which  h.\s  been  referred  lo  the  receptions 

^^.  ..    c.;nI  ni  the  one  case,  and  it>  escape  in  the  other.     In  It 

.    •  .  I ,  vv  the  same  appearances  are  evident  upon  the  charco 

.    ,     , V  o  lUfi  to  diverge  from  the  negati>  e  conductor,  while  U] 

^    .       .     t  ^pot  of  bright  light  is  perceptible.     But  these  afiei 

.   ',^.1.    ..» scarcely  be  considered  as  indicating  the  emission  or  n 

,..  o  »»•*  ^fVC  »***-'  form  of  matter. 
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CHAPTER  II. 


OF  RADIANT  UK  IMFONDEIiABI.E  MATTER. 


154.  Or  the  substances belon<cin^  to  our  ^lobe,  some  arc  of  fio  siibtilo 
a  nature  as  to  require  minute  and  deiirate  irive<*tigution  to  demonstrate  rooiubtiieU: 
their  estiste nee  ;  they  can  neither  be  confined,  nor  submitted  to  the  tiie  usuni 
mal  modes  of  examination,  and  are  known  only  in  their  states  of  mo- I^^i^u.*^"' 
lion  as  acting  upon  our  senses,  or  as  producing  changes  in  the  more 
gross  forms  of  matter.     They  have  been  included  under  the  general 
terai  of  Radiant  or  1mpondf.rabli£  Ethereal  Matter,  which  as,  it  pro- 
dKes  different  phxnomena,  must  be  considered  as  diflering  either  in 
its  nature  or  affections.     Respecting  the  nature  of  these  phenomena, 
two  opinions  have  been  entertained,  and  each  ably  supported.     It  has 
been  sapposed  by  Huygens  and  Descartes,  that  they  arise  from  vibra- Jj?»^^'JjPjJ^^- 
tioos  of  a  rare  elastic  medium  which  fills  space;  while  Newton  has  cartes  ana 
considered  them  as  resulting  from  emanations  of  particles  of  matter.  ''•^*•■■ 

The  other  forms  of  matter  arc  tangible  and  ponderable,  and,  there- 
fore, eas«ily  susceptible  of  accurate  examination ;  they  may  be  consi- 
dered a^  resulting  from  the  mutual  'agencies  of  heat  and  attraction,  and 
are  comprehended  under  the  three  clas-ses  of  Solids^  Liqvifh,   and 


Section  I.     Of  the  Effects  of  Radiant  Matter  in  producing 

the  Phenomena  of  Vision. 

155.  The  minute  investigation  of  those  laws  of  light  which  relni<; 
to  11=  motion,  and  effects  in  producing  vision,  constitutes  a  branch  of 
of  the  science  of  Optics,  and  therefore  belongs  to  Mechanical  Philo- 
Mphv  ;  it  i*.  however,  requisite  that  some  of  them  should  partially  be 
considered  as  bearing  upon  important  questions  of  rhemiraj  inquiry. 

Th**  ph^rnomeTia  of  vision  ar<»  produced  either  by  bodies  inherently  v. ,,«.-. 
laniinoas.  surh  as  the  sun,  t!ie  fixed  stars,  and  incandescent  substances  ; 
orthc\  are-  referable  to  the  reflection  of  light  from  the  surfaces  of  bo- 
dies. '  It  is  thus  that  the  objects  around  us  are  visible  by  reflecting  thr 
wcin\  niv-.  in  t!ic  day-time,  but  become  lost  in  obscurity  when  that  l«i- 
ninorv  !-ink^  beneatli  the  horizon. 

I,VJ.  The  nniin;ior  in  which  the  eye  is  affected  by  luminous  bodies 
fhow^  thrit  lii^hl  i^  transmitted  in  risht  lines,  and  every  right  line  drawn  Lnh-.tr;,..  . 
from  a  bimiiioijs  hodv  to  the  evo  is  termed  a  ray  of  Ushi^  and  as  a  ron-,".''"'"''''"-' 
leri'^-r  of  r:«\s  po>se>ses  the  same  properties  as  the  single  ray,  the  sanie 
alrVtr^  t  term  i'*  frequently  employed  to  designate  the  congeries. 


d4  rHJfcNOJTKSA   •F    VISION. 

lo7.  Tho  ii:>»:ovorio*  of  Roemer,  {Phil.  3Vff«5.,  Vol.  xii.)  and  of 
.       Bnullev.  ^r':  ..  r-irjw..  Vol.  xxxv.  and  xlv.)  have  shown  that  light  m 
..'LT.    '  "'aboiii  oicu:  niiniito*  and  thirteen  seconds  in  passing  from  the  sun  to  the 
iMi'th.  >o  ihac  it  may  be  considered  as  moving  at  the  rate  of  200,000 
miles  m  a  second. 

loo.  Soino  bodies  intercept  lis^ht  or  are  opaque:  others  allow  ittf 
I'/an^nussion,  or  are  transiwrvnt ;  and  there  are  gradations  from  per- 
K'oi  opacity  to  nearly  perlert  trans[»arenry.     It  i**  probable  that  opaci-* 
iv  resniis  from  ihe  attraction  of  the  subsbmce  for  light,  and  not  from 
iN  denMi\ ,  for  it  can  scarcely  be  supposed  tliat  the  particles  of  bodies 
N  •vrtM*"^^  \-  \  5*boiiKl  not  be  far  enough  distant  to  allow  of  the  psu^sage  of  light.     New- 
•.  -v->' '  >  ^   t.)u  supposes  the  pailicles  of  transparent  bodies  to  be  of  uniform  densi- 
..4.  ,i^.iK-.».  ^^  ^^^^j  arrangement,  and  attracting  the  ray  of  light  equally  in  every  di- 
rection, they  suffer  it  to  pass  through  them  without   obstruction; 
whereas,  in  opaque  bodies,  the  particles  are  either  of  unequal  densi- 
ty or  irregularly  arranged,  and  the  light  being  unequally  attracted,  can- 
not therefore  penetrate  the  body. 

159.  When  a  ray  of  light  passes  through  the  same  medium,  or  when 

it  passes  perpendicularly  from  one  transparent  medium  into  another, 

it  continues  to  move  without  changing  its  direction  ;  but,  when  it  pass* 

tl-'^  ni  JJiw^-   ^'^  obliquely  from  one  medium  into  another  of  a  different  density,  it  is 

}..« in  the  mc-  throwu  more  or  less  out  of  its  old  direction,  and  is  said  to  be  refracted. 

^'^'  The  refraction  is  towards  the  perpendicular  when  the  ray  passes  into 

a  denser  medium,  and /roru  the  perpendicular  when  it  passes  into  a 

rarer  medium.     The  medium  in  which  the  rays  of  light  are  caused  to 

approach  nearest  to  the  line  perpendicular  to  its  surface,  is  said  to  hava- 

the  greatest  refractive  density. 

Hftfractire  1^0.  The  density  of  bodies  is  by  no  means  the  only  circumstance 

iwr  do-      (jjj^t  effects  their  refractive  power,  it  also  depends  upon  their  chemi* 

iK>iiih  on  tho  ,^  ,  iii-^i  ,*  1^, 

chriiiLcHi  HA-  cal  nature  ;  and  generally  speakmg  those  substances  have  the  greatest 
j'J.'j'j**'^^""  refractive  power  which  are  combustible,  or  which  contain  an  infltfn- 
mahle  basis  :  the  refractive  power  of  compounds  is  not  the  mean  de- 
'^^Jy/J^'^j^^^^  duced  from  that  of  their  components  ;  which,  however,  it  generally  is 
iwundi  iioith.-  in  mere  mixtures.  The  folloiving  table  exhibits  the  refractive  power! 
pir.l^l^Ni'by  of  several  gaseous  and  solid  bodies,  from  the  experiments  of  Biot  an! 
•jicircon.iiiV  Arago,  and  from  Newtox's  Optics : 

Atmospheric  air 1.00000 

Oxygen     0.86161 

Nitrogen 1.0340S 

Hydrogen 6.61436 

Ammonia 2.16851 

l^:^X^  Carbonic  acid 1.0047G 

M*..fwiiivL«-  Carburetted  hydrogen 2.09270  r  "■; 

Muriatic  acid  gris     1.19626  /■. 

Muriatic  ether,  in  gaseous  state 1.71344 

Water 1.7225  > 

Alcohol     2.2223 

Olive  oil 2.7684  :^ 

Diamond .3.1961  ;;  ■' 

Gum  Arabic    .  .  .  .  , 1.8826  .  V* 

K.  .1.  .•v.A  ^;  I,  When  the  rays  of  light  arrive  at  the  surfaces  of  bodies,  a  piii|  v 

^  '*  i^l  ihvui,  and  dometimea  nearly  the  whole,  is  t]^rown  back>  or  reflfcdi^  .^ 


ji 
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JLBr&ACTfON  OP    LIGHT. 

he  more  obliquely  the  light  falls  upon  the  surface,  the  greater  in 
ral  is  the  retlccteil  portion.  In  tliese  cases  the  angle  of  rcdectioii 
wvj%  equal  to  the  angle  of  incidence. 

et  o  a  represent  pencils  of  light  falling  upon  the  surface  of  a  polish- 
iece  of  glass  b,  the  perpendicular  pencil  will  pass  on  in  a  straight 
todL  Of  the  oblique  pencil,  one  portion  will  enter  the  glass  and 
•r  refraction  towards  the  perpendicular  as  at  6,  and  re-entering  the 
flphere,  it  will  bend  from  the  perpendicular,  and  re -assume  its 
er  direct! on,  as  at  c.  Another  portion  of  the  oblique  pencil  will  be 
eted  at  an  angle  equal  to  that  of  its  incidence,  as  at  e. 
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4.  When  a  ray  of  light  passes  tlirough  an  oblique  angular  crystal- 
body,  it  exhibits  peculiar  phsenomena  ;  one  portion  is  refracted  in 
ordinary  way  ;  another  suffers  extraordinary  refraction,  in  a  plane 
Uel  to  the  diagonal  joining  the  two  obtuse  angles  of  the  crystal  ;  so 
objects  seen  through  the  crystal  appear  double.  Transparent 
Bboids  of  carbonate  of  lino,  or  Iceland  crystal,  exhibit  this  phaeno- 
onk  of  double  refraction  particularly  distinct.  frMUoY*" 

tray  of  light,  which  has  thus  suffered  double  refraction,  be  receiv- 
er another  crystal,  placed  parallel  to  the  first,  there  will  be  no  new 
ion  of  the  rays  ;  but  if  it  be  placed  in  a  transverse  direction,  that 
of  the  ray  which  before  suffered  ordinary  retraction  will  now  un-  ordjnarT& 
p  extraordinary  refraction,  and  reciprocally  that  which  underwent  J^*^^'^^^^^'^'^'^ 
lordinary  retraction  now  suffers  ordinary  refraction. 
the  second  crystal  be  turned  gradually  round  in  the  same  plane, 
1  it  has  made  a  quarter  of  a  revohition  there  will  be  four  divisions  R«f'"^<^t'"ff 
eniy,  ami  they  will  be  reduced  to  two  in  the  half  of  the  revolution  ;  dficuriimt  ur- 
at  the  re tVacting  power  appears  to  depend  upon  some  relation  ofJ^^n^TrryMili 
»o«ition  of  the  crystalline  particles.  Hlc  panu  i":t. 

3.  When  lipht  is  rrllot  ted  from  bodies,  it  retains,  under  many  cir- 
tances.  it-?  fnmner  relations  to  tlic  refractive  power  of  transparent 


§6  porARiSjiTroN  of  light. 

modin  ;  but,  in  certain  cases,  at  angles  diffenncj  for  dilTerent  .substan- 
ces, the  reflected  rays  exhibit  peculiar  properties,  analo(;ous  to  those 
wliich  have  suffered  extraordinary  refraction.     Thus,  if  the  flame  of  a 
taper  reflected  at  an  angle  of  52**  46'  from  tlie  surface  of  water,  be 
viewed  through  n  piece  of  doubly  refracting  spar,  one  of  the  images 
will  vanish  every  time  that  the  crystal  makes  a  quarter  of  a  revolution. 
.       1G4.  When  a  ray  of  light  is  made  to  fall  upon  a  polished  glass  surface, 
^.:.'"-  f.,.-iui  tn  at  an  angle  of  incidence  of  35®  25',  the  angle  of  reflection  will  be  equal  to 
fertr'luln.'*'    that  of  iucidonrc.     IjCt  us  suppose  another  plate  of  ghms  so  placed  that 
the  reflec'ted  ray  will  fall  u[»on  it  at  the  same  angle  of  35®  25' ;  this  se- 
cond plate  ni;^y  be  turned  round  its  axis  without  varying  the  angle 
Cnrioiwin-     which  it  makes  with  tlie  ray  that  falls  upon  it.     A  very  curious  cir- 
Mwnoi' of  (iw  cumstanci^  is  observed  as  this  second  glass  is  turned  round.     Suppose 
•iiii  rrn>iction  the  two  planes  of  reflection  to  be  parallel  to  each  other,  in  that  case 
oiUghi.        ^^^  y.^y  of  |i|rr|it  is  roflectetl  from  the  second  glass  in  the  same  manner 
as  from  the  first.     Let  the  second  glass  be  now  turned  round  a  quad- 
rant of  a  circle,  so  as  to  make  the  reflecting  planes  perpendicular  to  each 
other :  now,  the  whole  of  the  ray  will  pass  through  the  second  glass, 
and  none  of  it  will  be  reflected.     Turn  the  second  glass  round  another 
(]uadrant  of  a  circle,  so  :is  to  make  the  reflecting  planes  again  parallel, 
and  the  ray  will  rigain  be  reflected.     When  the  second  glass  is  turned 
romid,  three  quadrants,  tlie  light  will  be  again  transmitted,  and  none  of 
it  reflected.     Thus,  when  the  reflecting  planes  are  parallel,  the  lig^t 
is  reflected,  but  when  they  are  perpendicular  the  light  is  transmitted. 
Tliis  experiment  proves,  that,  under  certain  circumstances,  light  can 
penetrate  through  glitss  when  in  one  position,  but  not  in  another.    This 
curious  fact  was  lirst  observed  by  Mains,  who  accounted  for  it  by  sup- 
posing the  particles  of  light  to  have  assumed  a  particular  position  as  a 
p-'anj^ii  n    "^^^*^'^  *'^'*^^  whcu  Under  the  influence  of  a  magnet,  and  hence  he  called 
*i  lisht.         this  property  of  lij^ht,  its  Polarisation,     (Thomson's  System^  Vol.  i.  p. 
10.)     It  has  since  been  studied  with  laborious  diligence  by  Dr.  Brew- 
ster, andbyM.  M.  Arago  and  Biot,— P/u7.  Trans.  1813,  1814.  1815, 
1816,  1817. — Annahs  de  Cltimic^  tom.  94. — Traiti  de  Physique. 

105.  If  plates  of  mica,  and  certain  other  crystallized  substances,  be 
placed  between  the  glasses  employed  in  the  above  experiments,  so  that 
the  reflected  rays  may  traverse  them  in  [>assing  from  one  surface  to  the 
other,  it  will  be  found  that  under  certain  circumstances,  the  image  of 
the  candle  will  remain  visible  ;  in  other  words,  the  light  will  be  depO' 
/a ri sec?  in  passing  through  the  crystallized  medium.  Common  glass  is 
generally  incapable  of  depolarising  the  ray,  but  it  .acquires  the  depola- 
rising power  when  submitted  to  pressure,  or  heated,  or  when  it  has 
been  heated  and  very  suddenly  cooled  ;  the  influence  of  its  particles 
upon  those  of  light  becoming  then  analogous  to  crystallized  bodies. 

166.  That  a  sunbeam,  in  passmg  through  a  dense  medium,  and  espe- 
cially through  a  triangular  prism  of  glass,  gives  rise  to  a  scnes  of  bril- 
liant tints  similar  to  those  of  the  rainbow,  was  known  in  the  earlies^tages, 
but  it  required  the  sagacity  of  Newton  to  develope  the  cause  of  the  phae- 
nomenon.  lie  proved,  that  light  consists  of  rays  diflering  from  each 
^^"'*''  *'**■  other  in  their  relative  refrangibilities  ;  and,  guided  by  their  colour  con- 
sidered their  number  as  seven  :  red,  orange,  yellow,  green,  blue,  indi- 
go, and  violet.  If  the  prismatic  colours,  or  s//er/r«m,  be  divided  into 
360  equal  parts,  the  red  rays  will  occupy  45  of  these  jiarts,  the  orange 
'27,  the  yellow  48,  the  green  CO,  the  blue  60,  the  indigo  40,  and  the 
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TioltC  80.  Of  these  rays  the  red  heing  least  refrangible,  fall  nearest  that 
^  which  they  would  have  passed  to,  had  they  not  been  refracted  ; 
wkile  the  Yiolet  rays  being  most  refrangible,  are  thrown  to  the  greatest 
distaiice;  the  intennediate  rays,  possess  mean  degrees  of  rcfrangibility. 
167.  These  differently-coloured  rays  are  not  susceptible  of  further  de- 
compoiitioD,  by  any  number  of  refractions,  but  when  they  are  collected 
ratoaibcas  they  re-produce  white  light.  Upon  these  phaenomena  is^^^ 
fboDdedthe  Newtonian  theory  of  col  ours  y  which  supposes  them  to  depend  ory^fToioan! 
upon  tiie  absorption  of  all  rays,  excepting  those  of  the  colour  observed. 
Thos  green  bodies  reflect  the  green  rays  and  <ibsorb  the  others.  AH  the 
nj«are  reflected  by  white  bod[ies,  and  absorbed  by  those  which  are  black. 


Sectiok  II.     Qf  the  Operation  of  Radiant  Matter  in  producing  Heat, 

168.  Ir  a  solar  beam  be  refracted  by  a  prism,  and  the  coloured  image  re- 
ceiTednpon  a  sheet  of  paper  it  will  be  found,  on  moving  the  hand  gently 
through  ity  that  there  is  an  evident  increase  of  temperature  towards  the 
red  ray.     This  &ct  seems  to  have  been  first  noticed  by  Dr.  Hutton  (Di'f- 
uriatiom  an  Light  and  Heat,  p.  39 ;)  but  it  is  to  Dr.  Herschel  (FhiL  Trans, 
1800,)  that  we  are  indebted  for  a  full  investigation  of  the  subject.     If  the  5.*i*Iii*Jf  ™ 
coloared  rays  be  thrown  successively  upon  delicate  thermometers,  it  will  uie  pmnuitio 
he  feandy  that  if  the  heating  power  of  the  violet  rays  be  considered  =16,  **'*' 
that  of  the  green  rays  will  be  =  26,  and  of  the  red  =  55.    These  circum- 
etances  suggested  the  possibility  of  the  heating  power  of  the  spectrum  ex- 
tending beyond  the  red  ray ;  and  on  applying  a  thermometer  just  out  of 
the  red  ray,  and  beyond  the  limits  of  the  visible  spectrum,  this  was  found 
to  he  the  case.     A  thermometer  in  the  red  ray  rose  7®  in  ten  minutes,  but  ^o*!,rifii?'rty»* 
JQst beyond  the  red  ray  the  rise  was  =9®.    It  is  evident,  therefore,  that,  »ep»rat«d  by 
independent  of  the  illuminating  rays,  there  are  others  whicl\  produce  in-   "  ^"*"* 
crease  of  temperature,  and  these  from  their  increase  towards  the  red  ray, 
aid  from  the  spot  which  they  principally  occupy  in  the  refracted  conge- 
ries, are  possessed  of  less  refrangibility  than  the  visible  rays. 

Dr.  Herschel's  experiments  were  repeated,  with  nearly  similar  re-  Maiimum  of 
ndta,  by  Sir  H.  Englefield,  in  1 802,  and  by  Mr.  Berard,  in  1 8 13  (Thom-  ^^X^xt"/? - 
H>i*8  Annalif  ii,  163,)  who  found  the  maximum  of  heat  to  exist  just  atmityofthertd 
the  extremity  of  the  red  ray.  "'^' 

169.  That  these  calorific  rays  are  susceptible  of  refraction  and  re-  ConcentratioB 
flection,  is  proved  by  the  intense  heat  produced  when  the  solar  rays  are  peraufret?"' 
concentrated  into  a  focus  by  a  lens,  or  by  a  concave  mirror. 

170.  The  radiant  matter,  emitted  by  terrestial  bodies  at  high  tempe-  JnTMuJla- 
ratores,  agrees  in  many  of  its  properties  with  that  constituting  the  solar  diant  matter 
Ws,  hot  in  others  it  presents  apparent  peculiarities  :  the  investigation  Jome  '^*^cuiia- 
of  this  subject  constitutes  a  beautiful  department  of  philosophic  inquiry,  fj^^^^^^'^ 

The  effect  we  perceive  in  approaching  a  tire  chiefly  ressults  from  radi- 
ation and  is  little  connected  with  the  immediate  conducting  power  of  the 
air;  and  if  a  concave  metallic  mirror  be  held  op[)osite  the  tire  a  heating 
*nd  luminous  focus  will  be  obtained.     The  affections  of  terrestrial  ra-  Ri>fleeted  cm- 
diant  matter  are  best  demonstrated  by  employing  two  concave  mirrors  '*"<^- 
<^f  planished  tin  or  plated  copper,  placed  at  a  distance  of  about  ten  feet 
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asunder.  (Pictet,  Essait  de  Physiaue.)  Under  these  circtiinsl 
when  a  thermometer  is  in  the  focus  ol  one  of  the  mirrors,  it  will  be 
sensible  to  the  effects  of  a  heated  body  placed  in  the  focus  of  the  op 
mirror ;  and  that  the  effect  is  produced  by  reflection,  and  not  by  ok 
rect  radiation,  is  proved,  either  by  drawing  the  thermometer  out  oft 
cus  towards  the  opposed  mirror,  or  by  placing  a  screen  between  the 
mometer  and  its  mirror,  when  diminution  of  temperature  isin  eithe: 
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doled.  In  these  experiments  the  di£ferential  thennometer  (66)  is 
MMl  adTint^eously  employed,  and  the  mirrors  may  be  placed  opposite 
•cb  other  on  theground,  or  verticallv  suspended  as  in  thcwoodcut,where 
I  a  refMVsent  the  mirrors,  6  a  pan  of  hot  charcoal,  c  an  air  thermometer. 

171.  If  the  flame  of  a  candle  be  placed  in  the  focus  of  one  mirror,  a 

baling  and  luminous  focus  is  obtiined  from  the  other  :  but  if  a  plate  of^''^*^^"  '*J 
^am  be  now  interposed  between  the  two  mirrors,  the  rays  of  heat  areiLlic.  "^'^  ^^ 
arrested,  while  those  of  light,  freely  passing  througli  the  ghiss,  are  col- 
lected, as  usual  in  the  opposite  focus.  It  has  hence  been  concluded  that 
there  is  a  difference  between  solar  and  terrestrial  heat ;  the  rays  of  the 
brmer  passing  through  glass  without  heating  it ;  while  the  rays  of  the 
biter  are  stopped  by  glass,  and  it  becomes  hot  when  opposed  to  them. 
-^Schecle's  ExperifMnls  on  Air  and  Fire.)  But  the  rays  of  burn- 
ing bodies  may  in  many  instances  be  shown  to  pass  through  glass  with 
ireat  fiiciJity  ;  thus  a  bright  gas  flame  a£fords  a  heating  as  well  as  a  lumi- 
Boiis  focus,  when  its  rays  are  concentrated  by  a  double  convex  lens,  up- 
n  the  bulb  of  an  air  thermometer. — Brande,  PhiL  Trans,  1820.  p.  27. 

172.  In  these  experiments  upon  the  radiation  of  terrestrial  heat,  the 
temperature  excited  by  the  radiant  matter  appears  always  relative  to 
that  of  the  heated  or  radiating  body  ;  and  if  we  assume  that  all  bodies 
ire  constantly  throwing  off  radiant  matter,  the  effects  of  temperature 
which  it  produces  when  condensed  or  collected  into  a  focus  by  a  con- 
save  mirror,  will  bear  a  relation  to  the  source  ;  for  the  particles  may  be 
Conceived  to  more  with  such  velocity  as  not  to  be  affected  by  circumja- 
cent bodies,  or  by  the  circumambient  air.  Thus,  white-hot  iron  produ- 
ces a  greater  effect  upon  the  focal  thermometer  than  that  which  is  only 
red-hot,  and  red-hot  iron  causes  a  greater  effect  than  hot  water  ;  a  bo^ 
dj  of  the  same  temperature  as  the  thermometer  causes  no  change  in  it ; 
Intcold  bodies  produce  an  effect  of  cold,  becanne  the  partirlefl  which 
they  radiate,  when  stopped  by  impinging  upon  the  theimomctcr-bulb, 
are  of  a  lower  temperature. 

173.  Radiation  has  by  some  been  accounted  for  upon  the  idea  of  the  n^^iQ,-^„ 
heated  body  producing  undulations  in  the  uir,  something  amdogous  to  ■>..  id«r«!j  «< 
the  waves  excited  by  sonorous  bodies  ;  but  the  different  phenomena ^.nVheundXf 
if  prismatic  refraction  and  of  solar  and  terrestrial  radiation  are  not  sa- *»<"•'  **^  •" 
tiifiKtorily  explained  upon  such  an  hypothesis. 

Newton  endeavoured  to  explain  the  different  refrnngibility  of  the  Nowtoo'Mdf a 
tajfl  of  light,  by  supposing  them  composed  of  particles  of  different  siz-Jny"  '^*'*'  *" 
es;and  ailopting  this  hypothesis,  we  should  say,  that  the  particles 
of  red  light  were  largest,  those  of  violet  light  smallest.  The  heating 
rays  (168)  would  coni^ist  of  particles  yet  larger  than  those  producing 
eoloar  ;  and  the  smallest  particle**,  or  most  attenuated  nuliant  nintter, 
would  be  that  which  produces  certain  chemical  chani^cs  (lOO.) — (New- 
Tox's  Optics.)  Upon  this  hypothesis,  too,  it  would  appear  that  the 
particles  of  terrestrial  heat  are  of  so  large  a  size  as  to  be  partially  ar- 
retted in  their  progress  by  glass  and  other  transparent  bodies  which  al- 
low a  free  passage  to  solar  radiant  matter. 

Newton  has  also  put  the  query,  '*  whether  light  and  common  matter 
are  not  convertible  into  each  other  ?"  And  if  we  consider  s»'nsiblo  heat 
in  bodies  to  depend  upon  vibrations  of  their  particles,  a  certain  intensi- 
ty of  vibrations  may  send  off  particles  into  free  space  ;  and  particles 
noving  rapidly  in  right  lines,  may,  in  losing  their  own  mt»tion,  conimu- 
lirate  a  vibratory  motion  to  the  particles  of  terrestrial  bodies. — Ua- 
^•T*s  EUm€rtts,  p.  215. 
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RaaimioD  in       '"'**'  ^a*^*'^*^'*  gocs  OD  in  all  elastic 

eiutic  media  media,  and  in  the  Torricellian  and  air- 

ceiliM  S^'""pump  vacuum,  as  may  be  shown  by  igni- 

cuuA.  ting  charcoal  by  means  of  the  Voltaic  bat- 

tery, placed  in  the  focus  of  a  small  mirror 
confined  in  the  exhausted  receiver  of  the 
air-pump.  Sir.  H.  Davy  found  thatthe  re- 
ceiver  being  exhausted  to  j^^,  the  ef- 
fect upon  the  thermometer  in  the  oppo- 
site focus  was  nearly  three  times  as  great 
as  when  the  air  was  in  its  natural  state 
of  condensation,  a  is  the  receiver,  b  b 
the  insulated  wires  connected  witli  the 
voltaic  apparatus  igniting  the  charcoal 
in  the  focus  of  the  upper  mirror  c.  In 
the  focus  of  the  lower  mirror  d  is  the 
thermometer  e, 

.  176.  It  has  long  been  known,  in  re- 

of'^Mi^'n^sgard  to  solar  rays,  that  their  heating 
J^'^^'gf^J^  effect  depends  much  upon  the  colour 
loun.  of  the  surfaces  upon  which  they  im- 

pinge, and  that  black  and  dark  bodies  are  more  heated  th] 
which  are  white  or  of  light  tints,  circumstances  dependent  i 
sorption  and  reflection. 
Radiation  of  Pfofessor  LesHc  has  shown  that  the  phaenomena  of  terrestri 
vaioric  in  di-  tiou  are  couuected  with  the  nature  of  the  radiating  surface  ; 
totud^S^o"^^^^^  surfaces  which  are  the  best  radiators  of  this  heat  are  al 
abiorption.     with  the  greatest  absorbing  power. — Leslie  on  Heat. 

UnmcUllic  and  unpolished  surfaces  are  the  best  radiators, 

the  best  receivers  of  radiant  heat ;  while  polished  metallic  si 

are  the  worst  radiators,  and  have  the  lowest  absorbing  powers 

experiments  with  the  metallic  mirrors,  the  whole  nearly  of  tt 

reflected,  and  the  mirror  itself  does  not  become  wann :  ba 

coated  with  any  unpolished,  and  especially  unmetallic  coating 

paper,  or  paint,  the  reflection  is  then  scarcely  perceptible 

mirror  becomes  hot  from  the  absorption  of  the  radiant  mattei 

In  Professor  Leslie's  experiments  it  was  found,  that  a  clear 

surface  produced  an  effect  =  12  upon  the  thermometer.     Wl 

ered  with  a  thin  coat  of  glue,  its  radiating  power  was  so  far  ii 

as  to  produce  an  effect  =  80  ;  and,  on  covering  it  with  lamp 

became  =  100. 

RAdiatiou  ID-     In  these  cases  of  radiation,  the  colour  of  the  surface  does  i 

Juperfcui  ^  ^«re,  and  the  different  effects  must  be  referred  to  the  mechani 

lour.  ture  of  the  radiating  surface.     White  paper  and  lamp-black 

nearly  the  same  effects ;  and  paper,  coloured  blue,  red,  ye! 

green,  does  not  differ  in  radiating  power  from  that  which 

provided  (he  colour  produces  no  change  of  texture  in  the  pa] 

176.  The  connexion  of  the  receptive  with  the  radiating 
made  obvious  by  coating  the  bulbs  of  thermometers  with 
substances.     Thus,  the  effect  of  radiant  heat  upon  a  ther 
bulb  covered  with  a  thin  coating  of  lamp-black  being  =  10( 
the  bulb  is  covered  with  silver-leaf  the  effect  is  only  =:  1 
Dulong  and  Petit,  in  their  valuable  Memoir  on  Heat^  which 


•F  lUDIAHT  OR  IMPOHDEBABLE  MATTER.  ^f 

frize-medal  of  the  Academy  of  Sciences  for  1818,  have  detailed  a 
Tahety  of  important  facts  upon  the  subject  of  the  radiation  of  8ur< 
faces. 

117.  Upon  the  principle  of  tlie  absorption  of  the  solar  rays  by 
blackened  surfaces,  Mr.  Leslie  has  constructed  a  photometer.  It  is  Ph^tometrr  At- 
merely  a  very  delicate  and  small  dlfTerential  thermometer,  enclosed  in  l«>''«- 
a  thin  and  pellucid  glass  tube.  One  of  the  bulbs  is  of  black  glasn, 
wiiich  when  the  instrument  is  suddenly  exposed  to  light,  becoming 
warmer  than  the  clear  bulb,  indicates  the  effect  by  the  depression  of 
the  fluid.  (Leslie  on  Heat^  p.  424.)  A  differential  thermometer 
containing  the  vapour  of  ether,  may  also,  in  certain  experiments,  be 
advant^eourily  used  as  a  Photometric  Thermometer. — Brande,  Phil. 
Trau.  1820. 

178.  It  is  obvious,  from  the  above-mentioned  fiicts,  that  all  vessels  ^«'«i*  iv- 
ifltended  to  retain  heat,  should  be  clean  and  metallic,  for  polished  me- u°f  caloric'^' 
Idlic  surfiures  have  very  low  radiating  powers ;  whereas  those  vessels  ^"|^^^^^|r*" 
wfakk  are  either  to  receive,  or  to  radiate,  should  be  blackened  upon 
their  sarfacea.    The  knowledge  of  these  properties  is  economically 
applicable  in  a  variety  of  cases. 


Sccnoir  III.     Of  tht  Influence  of  Radiant  Matter  in  producing  Chemi* 

cal  Changes. 

179.  Radiant  matter   possesses  considerable  influence  over  thoj^^ji^^j    j^,. 
chemical  energies  of  bodies.     If  a  mixture  of  equal  volumes  of  tlic tT  |h)^s4:»<  ■> 
p§ei  called  chlorine  and  hydrogen  be  exposed  in  a  djirk  room,  theyJ'.^^.y.'I.'icTl'j^r 
ikmly  combine,  and  produce  muriatic  acid  gas;  but,  if  exposed  to  ^''^^  ^^'"'"'"'"^ 
tkc  direct  rays  of  the  sun,  the  combination  is  very  rapid,  and  often 'n..^?^''*'  "* 
Kcoflipanied  by  an  explosion. 

Chlorine  an«l  carbonic  oxide  have  scarcely  any  tendency  to  combine, 
even  at  high  temperatures,  when  light  is  excluded,  but  exposed  to  (he 
Mbr  rays  they  enter  into  chemical  union.  Chlorine  has  little  action 
ipoD  water,  unless  exposed  to  light ;  and,  in  that  case,  the  water, 
wkich  consists  of  oxygen  and  hydrogen,  is  decomposed.  The  hydro- 
gen onites  with  the  chlorine  to  produce  muriatic  acid,  and  the  oxygen  is 
efolved  in  a  gaseous  form. 

i£0.  These,  and  numerous  other  similar  cases  which  might  be  nd-  „  , 
■Qced.  «>how  that  radiant  matter  iniluences  the  chemical  enermes  olrhrmu^ 
bodif^,  independent  of  its  heating  powers.     Scheele  (^Experiments  on      '^'^ 
Jtirand  Fire,  p.  78,  4*c.)  was  the  first  who  entered  upon  this  curioiH 
iBTev-tigation  ;  and  many  important  facts  connected  with  it  have  been 
•M*  lately  ascertained  by  Hitter,  Wollaston,  and    Davy.     Scliech* 
tkrew  the  prismatic  spectrum  upon  a  sheet  of  paper,  moistened  with 
liolation  of  nitrate  of  silver,  a  salt  quickly  decomposed  by  the  ag<'ii- 
cy  of  light.     In  the  blue  and  violet  rays  the  silver  was  soon  rcduce<), 
frodacing  a  blackness  upon  the  paper,  but  in  the  red  ray  scarcely  anv 
Milar  effect  was  observed.     Wollaston  and  Hitter  discovered  that 
AcN*  chemical  changes  were  most  rapidly  effected  in  the  space  which 
b^ads!  the  voilet  ray,  and  whic!'  is  out  of  the  visible  spertrutu. 


6S  rllOSPHORESCE.NfT   SUBSTlNGES. 

sivUion  of  M>-     ^  ^  ^  -  '^  ^^  ^^^"  ^^"^  ascertained,  that  the  solar  beamis  are  refrangible 
brr»jr»bjrre-into  thfce  (listinct  kinds  of  rays  ;  the  calorific j  or  heating  rays  ;  the 
iractioD.        luminous  J  or  colorific,  rays,  which  produce  vision  and  colour ;  the  dt' 
m  catnposing  rays,  or  those  which  have  a  tendency  to  interfere  with  the 
chemical  constitution  of  bodies. 
2tfqt  p«rfectij     In  ^^^  prismatic  spectrum  these  three  sets  of  rays  are  imperfectly 
Jhi*"*"^^*"-  separated,  and  arranged  according  to  their  respective  refrangibiiitiei. 
»fectiwa?**'^The  heating  rays  are  the  least  refrangible,  the  colorific  rays  are  pos- 
sessed of  more  refrangibility,  and  the  decomposing,  or,  as  some  hare 
called  them,  the  deoxidising  rays,  are  the  most  refrangible. 

182.  Sir  H.  Davy  has  observed,  that  certiin  metallic  oxides,  when 
exposed  to  the  violet  extremity  of  the  prismatic  spectrum,  undeijgo  a 
change  similar  to  that  which  would  have  been  produced  by  exposure 
to  a  current  of  hydrogen  ;  and  that,  when  exposed  to  the  red  rays  they 
acquire  a  tendency  to  absorb  oxygen.     (^Elements  of  Chemical  Philoath- 
jiMiofybe-  p^y-)    In  such  general  facts,  he  traces  an  analogy  between  the  effects 
fTcW  iht  '^  ^^  ^^®  *°^*^  beam,  and  the  agencies  of  electricity.     In  the  Voltaic  cir- 
Jar  My  and     cuit,  the  Huiximum  of  heat  is  at  the  positive  pole,  where  the  power  of 
uiiij!  **'*^  combining  witli  oxygen  is  also  given  to  bodies  ;  the  agency  of  render- 
ing bodies  inflammable  is  exerted  at  the  opposite  surface  ;  and  similar 
chemical  effects  are  produced  by  negative  electricity,  and  by  the 
most  refrangible  rays ;    and    by  positive   electricity,   and  the   rays 
which  are  least  refrangible. 
Tbevjoictra       ^^'^'  ^^  ^^  ^eexi  asserted  by  Morichini,  and  the  experiment  is  sail 
«f  thl'fi^c^^to  have  succeeded  in  other  hands,  that  the  prismatic  spectrum  is  capa- 
TTidtto^*' ^tc  of  exciting  the  magnetic  influence,  and  that  a  needle  exposed  to  the 
maffocUc  |io-  violet  rays  acquires  polarity :  this  would  point  out  a  further  analogy 
*"*^*  between  the  agencies  of  light  and  electricity.  (136.) 

184.  In  nature  the  influence  of  the  solar  rays  is  very  complex,  anA 
perfect  Tf  r-^^^  growth,  colour,  flavour,  and  even  the  forms  of  many  vegetaUei, 
tfttioD requires  are  much  dependent  upon  them.     This  is  seen  in  many  plants  which 
1/Vj\w  m7«*  ^^^  protected  from  the  sun's  rays :  celery  and  endive  are  thus  cultiva- 
ted with  the  view  of  rendering  them  palatable  ;  and  plants  which  are 
made  to  grow  in  a  room  imperfectly  illuminated,  always  bend  towards 
the  apertures  by  which  the  sun's  rays  enter.     The  changes  too  whick 
vegetables  effect  upon  the  circumambient  atmosphere  are  influenced  by 
the  same  cause. 

In  the  animal  creation,  brilliancy  of  colour  and  gaudy  plumage  be- 
long to  the  tropical  climates  ;  more  sombrous  tints  distinguish  the  po- 
lar inhabitants  ;  and  dull  colours  characterize  nocturnal  animals,  alld 
those  who  chiefly  abide  below  the  surface. 


Section  IV.     Of  the  Phanomcna  exhibited  by  Luminous  and  hieauSes* 
cent  Bodies,  and  of  the  Nature  and  Properties  of  Flame. 

185.  There  are  many  substances  which,  when  heated  to  a  certain 

point,  become  luminous^  without  undergoingcombustion,  and  such  bo- 

cui?£*dii^t.    ^i^»  are  said  to  he  phosphorescent.     The  temperatures  which  they  re*. 

quire  for  this  purpose  are  various  ^  it  generally  conunences  at  ■bOvC' 


riiJER0aiENA  OK  PHosrHuiiEsrENci:.  a'^. 

40(^,  andiniy  be  said  to  terminate  at  the  lowe<it  visible  rcdncsfi.  .Some 
farieties  of  phosphate  of  lime,  of  fluorspar,  of  bituminous  carbonate 
tf  liine^ofiiiirble,  and  9and,  and  certain  ftalts,  arc  the  mos^t  remarkable 
bodies  of  tliis  description.  (Wedgwood,  PhiL  Trans.  Vol.  82.)  Their 
kminoos  property  may  be  best  exhibited  by  scattering  them  in  coarse 
powder  apon  an  iron  plate  heated  nearly  to  redness.  Oil,  wax,  sper- 
■aoeti,  and  butter,  when  nearly  boiling,  are  also  luminous. 

186.  Another  class  of  phos|>horc8cent  bodies  have  been  termed  so-  Soiarpho»pL»- 
br pkoapkori^  from  becoming  luminous  when  removed  into  a  dark'''* 
looB  after  haying  been  exposed  to  the  sunshine.     Of  this  description 
are  Canton^s,  Baldwin's,  and  the  Bolognian  phosphorus.     Canton's  ^*n^"'*c«»' 
phosphorus  is  prepared  thus  : — Calcine  oyster-shells  in  the  open  fire  ^"°  ' 
hr  half  an  hour,  then  select  the  whitest  and  largest  pieces  and  mix 
then  with  one  third  their  weight  of  flowers  of  sulphur,  pack  the  mix- 
Hre closely  into  a  covered  crucible,  and  heat  it  to  redness  for  an  hour. 
When  the  whole  has  cooled,  select  the  whitest  pieces  for  use. — PhiL 
Tntu.  Vol.  58. 

Baldwin^s  phosphorus  Is  prtspared  by  heuting  nitrate  of  lime  to  a  Baldwin'!  aui 
doll  red  heat,  so  as  to  form  it  into  a  compact  mass  :  and  the  Bolognian  ^os'l'iMrus!*' 
phosphorus,  discovered  by  Vincenzio  Casrariolo,  a  shoemaker  of  Bolng- 
aa,  'is  made  by  reducing  compact  sulphate  of  baryta  to  a  tine  powder, 
which  is  formed  into  cakes  with  mucilage,  and  the^e  arc  heated  to  red- 
aess.— Aikir's  Dictionary^  Art.  Phosphori. 

Mr.  B-  Wilson  has  also  made  a  variety  of  curious  experiments  on  so- 
lar  phosphori ;  and,  he  has  discovered  the  simplest  and  most  effectual  fvtmeJu.* 
of  these  bodies,  which  may  be  obtained  by  closely  observing  the  fol- 
lowing directions : — Take  the  most  flaming  coals  off  a  brisk  tire,  and 
throw  in  some  thick  oyster-shells  ;  then  replace  the  coals,  and  calcine 
them  for  an  hour ;  remove  them  carefully,  nnd,  when  cold,  it  will  he 
found  that  after  exposing  them  for  a  few  niinutes  to  the  light,  they  will 
^ow  in  the  dark  with  most  of  the  prismatic  colours. — Wilson  on  Phos- 
fkori^  p.  20. 

187-  A  third  set  of  bodies,  belonging  to  this  cIm«3,  are  tho«e  which 
are  tpcntaneously photphorescent.  Such  are  especially,  the  tlesh  of  salt-  I'C'^r '* 
water  fish  just  before  it  putrefies,  and  decayed  wood.  The  glow'-xnrm^ 
and  the  lanUm-ftyy  are  also  luminous  when  alive  ;  and  the  hundred  leg^ 
gti  marm^  and  some  others,  shine  brilliantly  when  irritated. 
It  appears  from  the  experiments  of  Canton  antl  of  Dr.  Hulme,  {PhiL 
I  Tram.  Vols.  lix.  xc.  and  xci.)  that  sea-lish  become  luminous  in  about 
.  twelve  hours  afler  death,  that  it  increases  till  putrefaction  is  evident, 
and  that  it  then  decreases.  Immersion  in  sea-water  does  not  affect 
ibii  luminous  matter,  on  the  contrary,  the  brine  i<  it^clf  rendered  lu- 
minous ;  but  it  is  extinguished  by  pure  water,  and  by  a  variety  uf  sub- 
stances which  act  chemically  upon  the  animal  matter. 

188,  Percussion  and  friction  are  often  attended  by  the  evolution  of r,i.,h,  f^a, 
lieht  as  when  flint  pebbles,  pieces  of  sugar,  and  other  subsbmces,  are  n'^."**'°'» " 

*        L  I  I      1  *         .1  friction. 

struck  or  rubbed  together. 

189.  From  experiments  in  which  air  has  been  intensely  heated,  it 

ha*  lieen  concluded  that  gjweoiis  matter  is  incapable  of  becoming  lumi-hJ"*}  hTr'cK^ 
uou«  ;  for,  though  the  temperature  of  Jiir  be  such  as  to  render  solid  bo- ^"5  lummoi*. 
Jics  white  hot,  it  does  not  itself  become  visible.     (Wkpciwood,  PhiL 
Trans.  1792.)     Flame,  however,  may,  in  general,  be  regarded  as  lu- 
inJBoii«  gaseous  matter.     Hydrogen  gas.  probably,  furnishes  the  purest 
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form  of  llamc  which  can  be  exhibited  ;  for  the  flames  of  bodies  whick 
emit  much  light,  derive  that  poivcr  from  solid  matter  which  is  intense- 
ly ignited  and  di£fused  through  them,  and  wliich,  in  ordinary  flames,  as 
of  gas,  tallow,  wax,  oil,  «^c.,  consists  of  finely  divided  charcoal. 

190.  The  intensity  of  the  heat  of  flames  which  are  but  little  lumi- 
nous, as  of  hydrogen  gas,  spirit  of  wine,  jr.,  may  be  shown  by  intro- 
ducing into  them  some  fine  platinum  wire,  which  is  instantly  rendered 
white  hot  in  those  parts  where  the  combustion  is  most  peifect     It  if 

ht  an-i     ^^^^  intensely  ignited  in  the  current  of  air  above  the  flame,  as  maybe 

iemj^rrtuirt  showu  by  holding  a  piece  of  platinum-wire  over  the  chimney  of  an 

•ruaine.       Argand  lamp  fed  with  spirit  of  wine  ;  the  high  temperature  of  this 

current  is  also  exhibited  by  the  common  expedient  of  lighting  paperbj 

holding  it  in  the  heated  air  which  rushes  out  of  a  common  lamp-glass. 

191.  The  high  temperature  of  flame  is  further  proved  by  certain 
cases  of  combustion  without  flame.  Thus,  if  a  heated  wire  of  plati- 
num be  introduced  into  any  inflammable  or  explosive  mixture,  it  will 
become  ifmited,  and  continue  so  till  the  gas  is  consumed  ;  but  tn/lom- 
matiun  will,  in  most  cases,  only  take  place  when  the  wire  becomes 
white  hot.  This  experiment  is  easily  made  by  pouring  a  small  quan- 
tity of  ether  into  the  bottom  of  a  beer-glass,  and  holding,  a  piece  of 
heated  platinum  wice  a  little  above  its  surface  ;  the  wire  becomes  red 
hot,  but  does  not  inflame  the  vapour  of  the  ether  till  it  acquires  an  in- 
tense white  heat. 

The  same  fact  is  exhibited  by  putting  a 

small  coil  of  platinum  wire  round  the  wick 
•uiitium  tf irt!  of  a  spirit  lump,  which,  when  heated,  be- 
^^'  comes  red  hot,  and  continues  so,  as  long  as 

the   vapour  of  the   spirit   is  supplied,  the 

hent  never  becoming  sufliciently  intense  to 

produce  its  inflammation. 

102.  Such  being  the  nature  of  flame,  it  is 

obviourf,  that  if  wc  cool  it  by  any  means,  we 

must  at  the  same  time  extinguish  it.     This 

may  bo  cfiected  by  causing  it  to  pass  through 

fmc  wire  gauze,  which  is  an  excellent  conductor  and  radiator  of  heatf 
and  consequently  possessed  of  great  cooling  power.  If  a  piece  of 
fine  brass  or  iron  wire-gauze  be  brought  down  upon  the  flame  of  a 
candle,  or  what  answers  better,  upon  an  inflamed  jet  of  coal  gas,  it 
will,  as  it  were,  cut  the  flame  in  half.  That  the  cooled  gaseous  mat- 
ter passes  through,  may  be  shown  by  again  lighting  it  upon  the  upper 
surface. 

193.  The  power,  therefore,  of  a  metallic  tissue  thus  to  extinguish 
flame,  will  depend  upon  the  heat  required  to  produce  the  combustion, 
as  compared  with  that  acquired  by  the  tissue ;  and  the  flame  of  the 
most  inflammable  substances,  and  of  those  that  produce  most  heat  in 
combustion,  will  pass  through  a  metallic  tissue  that  will  interrapt  the 
flame  of  less  inflammable  substances,  or  those  that  produce  little  heal 
in  combustion  ;  so  that  diflercnt  flames  will  pass  through  at  different 
degrees  of  temperature. 

191.  The  discovery  of  these  fiicts,  respecting  the  nature  and  pro* 

«m7.  *  "'^'  ^'  P^^'^i^s  ®^  flame,  led  Sir  H.  Davy  to  apply  them  to  the  construction 

of  the  Miners^  safety  lamp^  which  will  be  explained  under  the 

C  a rbu retted  hydrogen  gas. 
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195,  The  phaBDomena  exhibited  by  phosphorescent  and  incandes- 
cent botfies,  and  in  the  process  of  combustion,  have  sometimes  been  t?.Vof  pIS^ 
apUaed  upon  the  idea  that  the  light  and  heat  evolved,  were  pre- J^J' v**"*"^' 
fiouiljr  in  combination  with  the  substances,  and  that  they  are  after-  c-nci?^  " 
waidi  Merely  eniitted,  in  consequence  of  decomposition ;  and  that  the 
iofar  pboaphori  absorb  light  and  again  give  it  out  unchanged.     But  it 
ippenv  more  probable  that  any  particles  violently  repelled  into  space 
■ly  become   radiant  matter,  than  that  it  should  consist  of  a  ipecific 
Mhitiiice  :  thas,  mechanical  action,  and  chemical  changes,  may  each 
tend  to  the  emission  of  radiant  matter ;  and  incandescence  will  result 
when  the  vibntions  which  heat  occasions  among  the  particles  of  bodies 
neof  fBch  Tiotence  as  to  cause  their  repulsion  into  space. 


CHAPTER  III. 


OP  THE  SIMPLE  SUPPORTERS  OF  COMBUSTION. 

196.  The  substances  belonging  to  this  class  arc  characterized  by 
possessing  very  energetic  powers  of  combination  in  respect  to  the  sim- 
ple inflammable  bodies,  and  they  are  each  of  them  capable  of  pro- 
*King  acids,  whence  they  may  also  be  termed  acidifying  princi-^^VJ^^!^i^'^K 
pies.  When  their  compounds  are  submitted  to  electro-chemical  de- 
coiDposition,  these  elements  are  attracted  by  the  positive  surface ;  ^^ 

^eace  their  natural  or  inherent  electrical  states  may  be  considered  us  ^{^^^.     ^^^ 
Degatire. 

These  acidifying,  electro-negative  supporters  of  combustion,  arc 
Aree  in  nomber : 

1.  Oxygen. 

2.  Chlorine. 

3.  Iodine. 

197.  The  following  examples  will  serve  to  give  some  idea  of  the  ^^iie^n'^'^^  bo- 
principles  of  nomenclature  generally  adopted  in  chemistry.     The"**"''* 
above  bodies  in  entering  into  combination  witli  each  other,  and  with  the 

bodies  described  in  Chapters  IV  and  V.,  produce  two  clashes  of  com- 
pounds. Those  which  are  not  acid,  are  usually  distinguished  by  the 
termination  ide^  as  oxic^e  of  chlorine,  oxi(ie  of  nitrogen,  chloride  of  snU 
phur,  iodide  of  iron,  ^c. ;  and  where  more  than  one  compound  of  this 
kind  is  produced,  the  terminations  ous  and  ic  are  used  to  designate  the 
relative  proportions  of  the  supporters  of  combustion.  Thus  nitrogen 
forms!  t^vo  oxides :  that  containing  the  smallest  proportion  of  oxyi^en  is 

K 


^a  OXYGEir. 

tlic  fiilrous  oxide,  that  Gontaining  the  largest  the  nitric  oxide.  The 
acid  compouuds  are  similarly  designated,  as  nitrous  and  nitric  acid ; 
sulphurous  and  sulphuric  acid  ;  and  where  there  are  intermediate  com- 
pounds the  term  hypo  is  occasionally  added  to  the  acid  next  abore  it  in 
point  of  oxidizement.  Thus,  hyposulphuric  acid  signifies  an  acid  com- 
pound intermediate  between  Uie  sulphurous  and  sulphuric  acids  ;  hsf* 
pophosphorous  acid,  an  acid  containing  less  oxygen  Uian  the  phospho- 
rous  acid. 

The  different  combinations  of  the  metals  with  oxygen,  are  perhapp 
best  distinguished  by  prefixing  to  the  word  oxide  the  first  syllable  of 
the  Greek  ordinal  numerals,  ;is  originally  proposed  by  Dr.  Thompson. 
Thus  the  protoxide  of  a  metal  will  denote  the  compound  containing  a 
minimum  of  oxygen,  or  the  first  oxide  which  the  metal  is  capable  of 
forming ;  dcutoxide  will  denote  the  second  oxide  of  a  metal,  ^c. ;  and 
when  a  metal  is  combined  with  the  largest  possible  quantity  of  oxygen, 
the  compound,  if  not  acid,  may  be  called  peroxide.  The  same  rule 
applies  to  the  chlorides  and  iodides. 

The  acids  terminating  in  ous  produce  compounds  in  which  the  ter- 
mination ite  is  uiicd  ;  while  those  ending  in  ?r  form  compounds  in  which 
the  ending  ate  is  used.  Thus  the  combination  of  sulphurous  acid  and 
potassa,  is  a  sulphite  of  potassa ;  that  of  sulphuric  acid  and  potassa,  a 
sulphate  of  potassa,  4"C. 

When  the  same  acid  combines  with  more  than  one  oxide  of  the  same 
metnl,  the  first  syllable  of  the  Greek  ordinal  numeral  is  in  that  case 
applied  to  the  acid  ;  thus,  the  protosulphate  and  persufphate  of  iron  sig- 
nify the  combinations  of  sulphuric  acid  with  the  protoxide  and  perox- 
ide of  iron.  The  term  oxysulphate  is  occasionally  used  to  desigpate 
the  latter  compound,  aiiil  in  the  same  sen<«o  we  speak  of  oxynitrates^ 
oxyphosphatcs,  t^c,  but  the  former  mode  of  designation  is  less  equivo- 
cal. 

The  compounds  of  the  simple  infiamniwblc  bodies  described  in 
Chapter  IV.,  with  each  other,  and  with  those  in  Chapter  V.,  are 
conmionly  (U^signated  by  the  termination  vret^  as  sulphuret  of  phos- 
piiorus,  phosphuret  of  carbon,  carburet  of  iron,  sS^t, 

The  terms  hi  sulphuret,  bi  sulphate^  bi phosphuret^  bi  phosphate^  ^., 
applied  to  compounds,  imply  that  they  contain  twice  the  quantity  of 
t^ulphur,  sulphuric  acid,  phosphorus  or  phosphoric  acid,  existing  in 
the  re*5pecti\  e  sulpliuret,  a»ulphate,  phosphuret,  and  phosphate. 


^^■LCTloJ(  1.    Of  Oxygen. 

198.  This  <'lenienlary  frascous  body  may  be  obtained  by  heating  to 
redness,  in  a  glass  retoit,  the  salt  called  chlorate  of  potassa  (646^  100 
grains  of  which  yield  about  100  cubical  inches  ;"it  may  be  collected  ' 
over  water  in  the  hydru-pneumatic  a])paratus.  It  is  also  given  of 
from  black  oxide  of  manganese,  red  oxide  of  lead,  and  nitre,  when  ex- 
posed to  a  red  heat.  ^ 

199.  Common  ghiss,  or  earthen-ware  retorts,  are  used  in  these,  uatf 
a  variety  of  other  chemical  operations  ;  or,  where  a  red  heat  is  re* 
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fnred,  they  majr  be  made  of  wrought  iron,  cither  in  the  sime  fomi, 
If  ID  thilcu  a  bottle,  tabe,  or  other  convenient  ^hnpc. 

200.  The  hydro-pmevmalic  apparalus  ron-'iats  of  a  japanned  iron  or 
COpperTfMcl,  of  different  vhape  and  size  according  lo  the  particular 
parpiMt  for  which  it  is  intended,  and  r.ontiiinjng  a  shelf  perforated 
«itk  kale*  through  which  the  g;i$  in;iy  pa^.t  into  inverted  ven^ielfl  pro- 
ptrtf  placed  for  its  reception.  In  this  ivuoil-cut,  a  is  the  hydro-pneu- 
Mriic  trough ;  a  b,  inverti^d  glnt^ses  for  the  reception  of  gao  ;  c,  a 
WRMg^t  iron  tube  placed  in  a  pan  of  chnrcoal  fnr  the  CToliition  of 
pMi  raqttiriiv  a  red  heat ;  o,  u  retort  heated  by  the  spirit  lamp  e.       Hrdm-piHi. 


Ml.  For  experiments,  in  which  larger  vessels  are  employed  for  col- 
Iwliif  i)r  transferring  gaaea,  the  anneied  form  of  tlie  apparatus  is  most 
noTenient. 


(>A1-HOLDI:R. 

SOS.  Veisels  of  various  forms  are  emp1oye<1  lor  receiving,  Mtaining, 
and  measuring,  gaee«.  Where  it  is  ioteoded  to  introduce  difTerent 
Bubatonces  into  the  ga:;,  Diey  may  be  of  the  form  represeated  in  figure 
I,  drawn  into  a  neck  with  u  gUi»a-stopper  at  top,  and  open  at  bottom. 
Some  of  these  should  be  graduated  into  cubic  inches,  and  supplied  with 
a  ftop-cock,  as  in  figure  3.  For  mensuring  smdlt  quantities  of  gasea, 
tubes  are  employed,  some  of  which  should  be  divided  into  100  equal 
parts,  others  into  tenths  and  hundredths  of  a  cubical  inch.  Figunn 
J,  4. 


^ 


203.  Where  Inr^  quantitici;  of  gnscs  are  required  to  be  collectel 
and  preserved,  we  employ  gathotden  and  gasoinettri.  The  aunexed 
*'  cut  represents  Mr.  Pepys's  improved  gasholder,  made  of  japanned 
iron,  or  wh;it  is  preferable,  of  cop- 
per. It  consists  of  a  body  or  reser- 
Toir  a,  which  may  hold  from  two  (o 
six  or  eight  gallons,  b,  is  a  ciatem 
from  which  issue  two  tubes,  supplied 
with  stop-cocks,  one  entering  the  re- 
servoir at  its  upper  part ;  tlie  other 
continued  as  shown  by  the  dotted 
lines  to  near  the  bottom,  c,  is  a 
short  tube  issuing  from  ihe  bottom 
of  the  reservoir,  and  capable  of  be- 
ing accumtely  closed  by  a  screw. 
d,  is  a  glass  tube  communirnting  at 
both  ends  with  the  bo.ly  of  the  gas- 
holder. When  it  is  intended  to  till 
this  apparatus  with  gas,  the  tube  c  is 
closed,  and  the  stopcocks,  e  f,  arc 
opened  ;  water  is  then  poured  into 
the  cistern,  which  running  down  the 
long  tube  e,  forces  the  air  out  through  the  shorter  one/.  The  res«>- 
voir  being  thus  tilled,  the  stop-cocks  arc  closed,  and  the  aperture  e, 
is  opened,  into  which  the  beak  of  the  retort,  or  tube,  whence  tbe  gM'  ' 
issues,  is  introduced,  and  bubbling  up,  displaces  the  water  which  rum 
ont  at  the  same  opening.  When  it  is  seen  in  tbe  tube  d,  that  nearly 
the  whole  of  the  water  is  displaced,  the  aperture  is  closed,  and  the 
vessel  is  now  tilled  with  gas,  which  may  either  be  drawn  off  into  re4 
ceiverg,  placed  in  the  cistern  b,  by  opening  the  two  stop-cocks  tf;  or- 


MOf  the  Btop-cock/,  and  opening  jr<  >t  maybe  propelled  into 
aw,  or  tnuuferred  in  any  convenient  way  by  an  attacbed  tube, 
lew  and  KClioD  of  the  gatomtter  nre  shown  in  the  fbllowii^ 
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It  may  be  made  of  jnpnnned  iron  or  copper,  a  a,  in  the  outer  circu- 
iTTM^el,  orpail.  to  the  sides  of  which  the  tubes,  de,  (each  fitted  with 

<lop-cock  externally)  are  sohlered.  The  tube  d  penetrates  at  the 
lOtlom  of  the  pail,  and  proceed<i  to  the  centre,  where  it  joins  the  tube 
.  whirh  enters  the  top  of  the  p;ul  and  proceeds  downwards ;  and  from 
be  pUire  of  junction,  the  upright  tiibeg  rises  through  the  middle  of  the 
Bil  a  little  above  the  level  of  its  upper  rim.  The  vessel  b  is  n  cylinder 
pen  only  at  the  bottom,  and  of  less  diameter  than  the  pail  into  which 

i*  inTerted,  nnd  can  move  up  and  down  freely.  This  cylinder  has  a 
Ad  Item  r,  nhich  pusses  through  a  hole  in  the  cross  bar  of  the  fnune 
led  to  the  top  of  the  p:iil ;  it  serves  to  steady  the  cylinder,  and  to  in- 
icale  tlie  qiiiintity  of  the  enclosed  gas  :  the  weight  of  the  cylinder  is 
■Blerpoised  in  any  convenient  way. 

To  nse  thi)<  g:isometer,  tirst  let  the  cylinder  fall  to  the  bottom  of  the 
dl,  and  (ill  the  litttcr  with  water  ;  then  shut  the  rock  t,  and  open  d, 
id  connect  tvith  it  the  tube  which  conveys  the  gas  from  the  retort  or 
ber  Te!>sel  ;  or  if  more  convenient,  shut  d,  and  convey  the  gas 
fOOgh  t.  The  gas  rises  and  gradually  liAs  up  the  cylinder,  whicb 
vA  b*  properly  l>utanccd  ;  and  when  sufficiently  filled,  the  cock,  bj 
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which  it  entered,  must  be  closed.     The  gas  maj  now  be  drawn  off  at 

either  of  the  stop-cocks,  by  a  tube  passing  into  the  water-trough,  or  it 

may  be  propelled  through  a  blow-pipe,  or  otherwise  employed. 

Pro  rtiesof       ^^^*   *Oxygcn  gas  is  insipid,  colourless,  and  inodorous  ;  its  specific 

•xygtn  e^.    gravity  is  1 6  hydrogen  being  assumed  =  1 .     1 00  cubical  inches  at  mean 

temperature  and  pressure  weigh  33.88  grains. 
Supports  res-       205.     It  is  a  powerful  supporter  of  respiration  and  combustion.     A 
pinUon.        small  (inimal,  confined  in  oxygen  gas,  lives  thrice  as  long  as  when  confi- 
ned in  the  same  bulk  of  common  air.     A  lighted  taper,  or  a  burning 
piece  of  sulphur,  or  phosphorus,  introduced  into  this  gas,  is  very  ra- 
pidly consumed,  with  intense  ignition, 
stahi'tideaof     ^^06.  The  phaBuomena  of  combustion  were  referred  by  Stahl  and  his 
combuttion.    associatcs,  to  a  peculiar  principle  which  they  ca[\ed  phlogiston  ;  it  was 
supposed  to  c\\f>\,  in  all  combustibles,  and  combustion  was  said  to  de- 
pend upon  its  separation  ;  but  this  explanation  was  absurdly  at  variance 
M'ith  tlic  well-known  fact,  that  bodies  during  combustion  increase  in 
weight. 

After  the  discovery  of  oxygen  gas,  it  was  adopted  by  Lavoisier  as  the 
7JISe?°^^*  *^"*versal  supporter  of  combustion.     The  basis  of  the  gas  was  sap- 
posed  to  unite  to  the  combustible,  and  the  heat  and  light  which  it  be- 
fore contained  in  the  gaseous  state,  were  said  to  be  evolved  in  the  form 
of  flame.     Sut  in  this  case,  several  requisites  are  not  fulfilled ;  the 
light  depends  upon  the  combustible,  and  not  upon  the  quantity  of 
iDsiiffifi«nt.    Qxygen  consumed  ;  and  there  are  very  numerous  instances  of  combus- 
tion  in  which  oxygen,  instead  of  being  solidified,  becomes  gaseous 
during  the  operation ;  and,  lastly,  in  others,  no  oxygen  whatever  if 
Comhuition    prcscnt.     Combustion,  therefore,  cannot  be   regarded  as  dependent 
">«y  J*'  ^X    "P<>n  any  peculiar  principle  or  form  of  matter,  but  must  be  consider- 
tbe  electrical  ed  .IS  R  general  result  of  intense  chemical  action.     It  may  be  connec- 
dJlJ*?'****^*^""*^^^  with  the  electrical  energies  of  bodies  ;  for  all  bodies  which  power- 
fully act  upon  each  other,  are  in  the  opposite  electrical  states  of  posi- 
tive and  negative  ;   and  the  evolution  of  heat  and  light  may  depend 
upon  the  annihilation  of  these  opposite  states,  which  happens  when- 
ever thev  combine. 


Skctjon  II.     Of  Chlorine. 

1^07.  To  obtain  this  gas,  a  mixture  of  black  oxide  of  manganese 
and  muriatic  acid  may  be  heated  over  a  lamp  in  a  glass  retort.     It  b 


purpose  therefore  of  cominendns  at  a  proper  place,  to  exempli^-  thi*  law,  we  shall  here  itote 
f\w  atom  01'  hydrogen  =  0.125  (liat  oToivgcn  btag  «=  1),  and  refer  to  sect  335  for  Ibe  ca&- 
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NOD  copoualy  evolved,  and  may  be  conveniently  collected  over  warm  Merhod  of  ^u- 
nter;  it  is  absorbed  by  cold  water,  and  cannot  therefore  be  long  re-H""'"8  'W*- 
dned  over  that  Auid. 

It  nay  also  be  procured  from  a  mixture  of  8  parts  of  common  salt, 
3  of  Mack  oxide  of  manganese,  4  of  water,  and  5  of  sulphuric  acid. 

203.  Chlorine  was  discovered  by  Scheelc  in  1774;  it  wiis  called  Timr.  of  aii 
by  kirn  dephlogisticated  muriatic  acid.  The  term  oxymuriatic  acid'^^^^  **"•' 
«H afterwards  applied  to  it  by  the  French  chemists. 

209.  Chlorine  is  a  permanently  elastic  gaseous  fluid  ;  it  has  a  pun- 
gent and  disagreeable  smell,  and  is  highly  injurious  when  respired, {^J'™"*'*' 
erea  largely  diluted  with  atmospheric  air.     Its  colour  is  greenish  yel- 
low. 

210.  When  dry,  it  suffers  no  chiinge  by  exposure  to  the  most  in- 
terne cold,  but  in  its  ordinary  state  it  contains  aqueous  vapour,  which, 
at  a  temperature  of  32^,  is  deposited  in  the  form  of  a  white  crystal- 
line compoimd,  which  effervesces,  and  is  again  taken  up  by  the  gas, 
opoo  the  application  of  heat. 

21 1 .  Chlorine  is  not  altered  by  exposure  to  very  high  temperatures,  ^joj^^^j  j. 
By  means  of  the  following  appsiratus.  Sir  H.  Davy  exposed  it  to  the  high  tcinp«r»- 
continued  action  of  charcoal  intensely  ignited  by  Voltaic  electricity,^""^' 
fiithoBlthe  smallest  change  in  its  properties. 


Aglass^obe  of  about  four  inches'  diameter,  has  at 
it§  Qpper  part  a  sliding  wire  passing  air-tight  through 
a  groundcollar,  to  the  lower  end  of  which  is  attach- 
ed a  piece  of  well-bumcd  charcoal  :  at  the  bottom 
!«  a  <top-cock  supporting  a  brass  pincers,  in  which  is 
iiDOther  pointed  piece  of  charcoal ;  the  globe  is  ex- 
biu«ted  upon  the  air-pump,  filled  with  chlorine,  and 
the  «top-cock  and  sliding  wire  attached  to  the  extre- 
JDitie^  of  the  Voltaic  apparatuit ;  the  charcoal  points 
are  then  brought  into  contact  by  pushing  down  the 
upper  wire,  and  they  are  thus  retained  as  long  as  ne- 
ces?ary  in  inteuijc  ignition. 

*212.  The  specific  gravity  of  chlorine,  compared  with  hydrogen,  is  Spitcificg rat: 
as  36  to  1  ;   100  cubic  inches  weigh  7(5.25  grains.  *^' 

213.  At  the  temperature  of  GO**,  water  di.«s«olves  two  volumes  of 
rhlorine.     The  solution  is  of  a  pale  yellow  colour,  has  an  iifitringcntf"'"'''*°'""'* 
Daa«eous  t<uCe,  and  destroys  vegetable  colours  :  hence  its  use  m  bleach-  bUachii.-. 
ing  ;  though  the  g-as  itself,  when  perfectly  free  from  moisture,  has 
Karcely  any  action  upon  thorn, 

214.  When  a  burning  taper  is  immersed  in  a  jar  of  chlorine,  the 
brilliancy  of  the  fiamc  is  much  impaired,  it  becomes  red,  throws  otl 
Burh  charcoal,  and  is  soon  extinguished. 

Many  bodies  such  it**  phosphorus  and  several  of  the  metals,  aie  rnion  wim 
ip<mtaneoii?Iy  ignited  by  chlorine,  and  burn  in  it  with  much  brilliancy.  *='^"'^"**'^''' 
la  the^e  cases  liinarv  compounds  result,  some  of  which,  like  those  of 


Sn  gr.  of  thiorine  2.25  or  ui^t  ?  Jlhs  of  I  fiUe  slaudurd  oTLyi^-u' 
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oxygen,  nre  poi>»es»c<l  of  acid  propertiea  :  othen  are  nat  acid  :  and 
auch  compounds  with  oxygen  being  called  oxtda,  those  which  chlorint 
forms  may  be  termed  chloridti. 

215.  Chloriue  was  once  regarded  as  composed  of  oxygeo  and  man- 
"^aticacid  ;  a  fallacy  arising  from  the  presence  of  water,  and  which  will 
be  rendered  more  intelligible  under  the  head  Muriatic  Jleid, 
,      216.  Chlorine  tmd  oxygen  unite  in  three  proportions,  foiming  an  as- 
ide and  two  acids. 

217.  Oxide  of  Chlorine,  or  Evehlorine,  eo  called  by  its  discoTCnr, 
Sir  H.  Davy  (Phil.  Trant.  1815.)  from  its  very  deep  colour,  may  ba 

ii>-ubt;)ined  as  follows  :  Upon  10  or  12  grains  of  chloratt  of  potaita,iMf 
'^'a  small  quantity  of  sulphuric  acid,  and  stir  the  mixture  with  aplatima 
knife,  having  so  adjusted  the  relative  quantities  of  salt  and  acid  tint 
they  may  form  tc^ther  a  yellow  powder.  Put  this  into  a  veiy  mdi 
retort  or  bent  tnbe,  and  by  means  of  a  water-bath,  apply  a  tempeis- 
hire  of  150*.  Oxide  of  chlorine  will  pass  off,  and  may  be  coUeetai 
over  quicksilver  in  small  jars  or  tubes. 

218.  Those  gases  which  are  absorbed  by  water,  may,  in  moatilNtn- 
ces,  be  collected  over  mercury.     The  best  form  of  the  JUercvn'opiwiH 

ip-tnoftc  apfiaratutf'M  that  contrived  by  Mr.  Newman,  (QHorlerlyJownMl^ 

,,  Vol.  i.  p.  185.)     It  is  a  trough  of  cast-iron,  supported  by  brass  orim 

legs,  and  having  a  small  gasometer  at  one  end.     It  is  placed  in  a  k- 

panned  iron-tray  to  collect  the  scattered  mercury,  as  shown  in  On 

wood-eut. 
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:ide  of  chlorine  has  an  odour  somewhat  .resembling  that  of  p^  ^^  ^ 
but  much  less  irritating  and  disagreeable.     Its  taste  is  as-  oxide  of  cu 
ad  not  at  all  acid.     It  dissolves  in  water,  forming  a  lemon-  "'^' 
ition. 

lien  oxide  of  chlorine  is  gently  heated,  it  is  decomposed  ^^ 
sion  and  expansion  :  two  volumes  are  enlarged  into  three,  ud«^ompoM 
wo  consist  of  oxygen,  and  one  of  chlorine  ;  it  is  therefore  2^^^^^ 
(of  36  parts  by  weight  of  chlorine,  combined  with  32  ofconkpotiUaaT 


lorie  acid.  In  the  substance  which  has  been  thus  called  bycom^itiMii 
rerM.  Gay-Lussac  (Annales  de  Qiimie,  torn  xci.  p.  106,)«»»^"«"'*- 
ive  proportions  of  cnlorine  to  oxygen  are  to  each  other  is 

But  it  is  a  compound  which  cannot  exist,  independent  of 
ime  base,  and,  therefore,  may  be  compared  to  the  fulphurie 
iher  acids,  afterwards  to  be  described. 

acid  may  be  prepared  by  passing  a  current  of  chlorine 
mixture  of  oxide  of  silver  and  water.     Chloride  of  silver  is  p^-^^twii. 
which  is  insoluble,  and   may  be  separated  by  filtration. 
I  of  chlorine,  which  the  filtered  liquor  contains,  is  separable 
id  the  chloric  acid  dissolved  in  water  remains.     It  is  a  sour,         ^ 
liquid,  producing  peculiar  compoumLs,  afterwards  to  be  de-  pn>p«rtie». 
ft  ibrms  no  precipitate  in  any  metallic  solution.     The  com- 
f  be  called  chlorates.     The  most  remarkable  of  them  have 
known  under  the  name  of  Oxymuriates. 

rchloric  or  oxychloric  acirf,  is  procured  by  distilling  oxycfUo'  p^  ^rtiioa 
%sta  (547)  with  its  own  weight  of  sulphuric  acid.     It  con-  ^oJ  cumpot^ 
.  chlorine  +  66.  oxygen.)     It  does  not  exist  independent  J-^"^"^^*'®*^ 
>T  a  base,  and  has  been  but  imperfectly  examined. 
per  terms  for  the  above  acids  of  chlorine  would  be  Chlorovs 
'  acids,  the  former  producing  Chlmtcs  and  the  latter  Chlo- 


Section  III.     Of  Iodine. 

DIME  is  procured  by  the  following  process  :  Lixiviate  pow-procewfar< 
»  with  cold  water.     £vaporate  the  lixivium  till  a  pellicle  uiniofiodii 
.  set  aside  to  crystallize.     Evaporate  the  mother  liquor  to 
nd  pour  upon  the  mass  half  its  weight  of  sulphuric  acid. 
sntle  heat  to  this  mixture  in  the  flask  a  of  the  alembic  shown 
:exed  figure,  of  which  b  is  the  head  or  capital,  having  a  tube 


originally  called  Euchlorint  bj  Sir  H.  Davy,  appears  to  be  a  mixture  of  chlo* 

compound  above  deKribcd,  and  not  a  detmitc  compound  of  two  volumes  of 

one  volume  of  oxvjfen.     Should  it,  however,  upon  more  accurate  inquiry,  prove 

nbination,  it  mig&t  be  tenned  chlorofus  oxide^  and  the  above  com^iound  would 

ie  oxide. 

I  before  remariead  that  the  ip.  ^.  of  chlorine  (oxvf^n  boin^  1 )  is  =  2.2r>,  if  we 
mtom  Of  Qxyzen  =  1,  then  to  find  the  atom  of  cdiorine  we  havu  only  to  d(>uble 
gravity,  vix.  2.25  X  2  «=  4.5,  the  same  as  deduced  above,  from  tho  prop«»rtu>nai 
Bvtiluents.  Moreover  the  atom  of  hydrogen  bexQg  already  stated,  =  0.125  tha 
•ine  IK  evidently  36  times  as  great  or  ss  4^,  i.  e.  ttM  altpH  of  thMe  2  jj^iues  Mn« 
ficgrsThr.     (jScctlt) 


-.5 


Formerly  < 
•oiercd  .11 


rnion  of' 
■  IIH*  wliii 


.tf^rcur. 

parntu-. 

coUecii 


Fume!  of  a  fiolet 


•■;  .'  rm  of  opaque  crystals,  havin":  a  mr- 

•     '.  .*heil  out  of  the*  head  of  the  alembic 

'A  quickly  dricil  upon  bibnlo'is  paper. 

-t'i\  from  soap-rnakers'  hforh  ttnh  hy  yi 

:poratin{i  the  mother  licinor  to  dryness, 

!nos  trriMter  uIjom  it  is  nx/relv  roncen- 

*:lphnri<'  arid,  IioIKm!,  anti  tjin  reil :  the 

-  ;\;ij:ht  of  |)oud('rod  hi. irk  o\i<le  of  m-in- 

•:ii>ir,  or  lla^k  with  a  tube  atlarhod  to  its 

•le-^  as  Ij.^l'or*'. 

•  .1  ill  lllfJ,  hv  M.  (\)«irtni«.,  of  Pari«.      Van- 
.  t«>m.  \c..)  (iay-fiij'».'?ac  (/"//.  xr.,)  jmd   Davy 

iully  in\o>tii;at(Ml  its  ]iroperties. 

•  41  k    (Mdonr;  it-  lu>tre  is  metallic.       It  is  a 

\ .     It  i;*  ^-ofi  ;iitd  iViahle.     *ll<  ••pecific  grnvitv 

-  .  •.  V  How  slain  upon  tlie  .-;kin.     It-  ^^mell  re-eein- 

-e  ;  it-  ta-tr'  is  iic.rid.      Ii  is  extremely  vola- 

.   •H«  hetueen  tU)°  and  ;;()<',  produces  a"  violet 

-;  •  .:  I■i^e•^  more  raindiy.     At  ^10'*  it  fuses,  and 

•  ^!i»ured  fume-;,  which  cr»n(h*nse  in  brilliant 

Like  chioriiH*  and  oxytfen,  it  is  electro- 

.v.irifd  by  the  positive  snrfiire  of  the  N'ollaic 

.  .  oh»nrs  yt'llow.      Il  i-  ver\  >|)arin^ly  sola- 

^;  hohhuir  moro  limn  .  .'„ „•  its  weitrht  iu  m>1u- 

.  '^Million  i*'  vrilow.     h  i-' nnnh  nn)re  soluble 

. .  »ei. 

,  «  .Il  owireii  Mild  with  chloiine,  andi:i\es  rise 

^  %«■  uhha\i*  bt»en  calletl  loiht ^  or  OjwWiV,  and 

i';;»N.  1;:1.*)/)  Tlii-  compiHind  of  oxygen 
•;u*d  tlirerth.  tor  ih.t-c  bodies  exert  no  mu- 
cd  b\  acting;  upon  oxnle  of  chlorine  by  iodine. 


•  IS  1..  ih.iJ  "1  ll:.«^:'i:.  'I.  i.v  1J5:  1  and  ihi*  X  bjrthf 
^. .  .i».«:ii  v\  luiliiu  iliU-j  li  •  Xi^*.  l*j  -:  U*.(>;25  utuni  Iodine. 


>v 


is  purpose  the  iodine  mty  be  infrodoced  iato  a  imD  lask,  end 
ide  of  chlorine  disengaged  upon  it,  from  a  proper  Bustore  of 
te  of  potassa  and  sulphuric  acid  with  the  precautions  dbore  point- 
(217,)  or  100  grains  of  chlorate  of  potassa  may  be  iiitrodnced^||£S!j^t^ 
mall  retort,  with  400  grains  of  liquid  muriatic  acid  of  the  sp.  gtA.^^ 
annex  to  the  retort  a  small  globular  receirer,  hanring  a  bent  tobe 
from  it,  and  passing  to  the  bottom  of  a  smidl  flask,  containing 
iO  grains  of  iodine  ;  carefully  apply  the  heat  of  a  lamp  to  the 
by  which  oxide  of  chlorine  wiU  be  disengaged,  and  which  will 
omposed  and  absorbed  by  the  iodine.    A  compound  is  them* 
,  which  consists  of  chloriodic  and  oxiodic  acids.    The  former  is 
»le  by  a  gentle  heat,  the  latter  remains  as  a  white^  semittanspa-,^ 
>nr,  and  inodorous  body,  very  s<^uble  in  water.    It  conaiBts  of 
line,  40  oxygen.)* 
Ckhriodie  acid  is  easily  obtained  by  the  direct  action  of  ddo-cuocMto*- 
lon  iodine.    They  unite  and  form  crystals  of  a  deep  orange '^^ 
deliquescent,  and  easily  fusible  and  soluble.    The  solution  is 
This  compound  contains  (126  iodine,  36  cUoiiBew— DAyr,<^«"VMitk>«» 
^mu.  1814. 

ipean  probable  from  the  experiments  of  M.  Qay-Lussac»  that 
r  dUonde  of  iodine  exists,  in  which  2  proportionals  of  iodine 
Hed  to  1  of  chlorine ;  but  these  compounds  have  not  yet  bemi 
td  with  suflKcient  precision,  to  enaUe  us  to  speak  certaiDly 
eir  composition. 


CHAPTER  IV. 

»F    SIMPLE    ACIDIFIABLE   AND   INFLAMMABLE   SUBSTANCES. 

The  bodies  belonging  to  this  class  are  electro-positive,  andEicctro-poti 
lently,  when  separated  from  their  combinations  with  the  sub-^^* 
described  in  the  last  chapter,  by  Voltaic  electricity,  they  are 
d  by  the  negative  surface.     With  very  few  exceptions,  they 
t  with  the  three  supporters  of  combustion,  already  described, 
hese  compounds,  one  or  more  are  acids.    They  are  six  in    - 

1.  Hydrogen. 

2.  Nitrogen. 

3.  Sulphur. 

4.  Phosphorus. 

5.  Carbon. 

6.  Boron. 


Section  I.     Hydrogen, 
Htdrooen  was  first  duly  examined  by  Mr.  Cavendish  (PW. 

■MiSe rrvntr  of  iodine  vapour,  asd^duced  from  bjrdriodic  acid,  (ooLygwi  htimg  1) 
Eiw^T  and  its  atom  is  mitdcmble  or  16.635,  (die  a<^  osjfin  beiQ|  1) 

Us  (aioB fajdiofen)  X  125s  1S.63S  (aioa lodiBa.) 


;  HYDROOESr. 

o«ieoff-ft-  Trans,  VoXAvi.)     It  may  be  obtained  by  the 

iniig  ,;iro-  ^^^-^^  of  iron  or  zinc  upon  dilute  sulphuric 
acid.  Some  pieces  of  iron-wire,  or  of  zinc» 
m'-^y  be  introduced  into  the  flask  a,  and  co- 
vered with  sulphuric  acid  dihitcd  witls  six 
times  its  bulk  of  water.  The  ^s  escapes 
by  the  bent  tube  6,  which  is  inserted  hy 
grinding  into  the  neck  of  the  flask,  and  may 
be  collected  in  the  hydro-pneumatic  ap- 
paratus. 

Hydrogen  is  an  aeriform  fluid,  not  absorbable  by  water.     It  has  na 

^haraetet  ana  taste,  a  s1i.^htl3' discigreeable  smell,  and  may  be  respired  for  a  short 

>rop«rtieB      (|,Tie,  though  it  is  instantly  fatal  to  small  animals.     It  is  the  lightest^ 

body  known  ;  and  we  therefore  conveniently  assume  it  as  unity  in 

speaking  of  the  specific  gravity  of  gases,  as  well  as  in  referring  to  the 

;7eight      '  proportions  in  which  bodies  combine.     100  cubic  incites  weigh  at 

mean  temperature  and  pressure  2.118  grains.     Its  specific  gravity  is 

(•.0G94,  when  common  air  is  taken  as  1.00,  and  0.0625  when  oxygen  is 

=  1.00*. 

228.  Hydrogen  is  inflammable,  and  extinguishes  flame.  When 
pure,  it  burns  quietly  with  a  lamhent  blue  flame  at  the  surface  in  con- 
tact with  air ;  but,  if  mixed  with  thrice  its  volume  of  air,  it  bums  ra- 
pidly, and  with  detonation.  In  making  this  experiment,  a  strong, 
phial,  capahlo  of  holding  about  6  ounces  of  water,  may  be  employed; 
or  the  inflammable  (tir-pistol,  which  admits  of  the  mixture  being  fired 
by  the  electric  spark. 
oflaoiabk  air  This  instrument  consists  of  a  cylinder  of  brass,  about  three-fourths 
'^*^''  of  an  inch  diameter,  and  six  inches  long,  in  the  form  of  a  small  can- 

non or  pistol -barrel,  properly  mounted,  and  having  a  wire,  a,  passing 
through  a  tube  of  ivory,  6,  and  not  quite  touching  the  interior  of  the 


cylinder,  at  the  part  usually  occupied  by  the  touch-hole  ;  an  electric 
spark  communicated  to  this  wire  inflames  the  mixture  of  h^'drogen  and 
atmospheric  air  in  its  interior.  It  may  be  charged  by  previously  fil- 
ling it  with  dry  sand,  and  cmptyin^c  it  out  into  a  phitd  of  hydrogen,- 
whirh  hsr?  into  the  gun  sufficiently  mixed  with  air;  the  muzzle  may 
be  socurod  hya  cork,  which  is  expelled  with  much  violence  and  aloud 
report,  ip^^n  the  infl:immatiouof  the  gas. 

229,  The  electrical  :'ir-<sun.  may  be  also  charged,  by  holding  it  fi>r 
a  moment  over  the  open  jet  of  the  following  instrupient  always  taking 
Cfirc  that  there  i-s  a  due  admixture  of  atmospheric  air,  otherwise  the 
elertric  spark  will  not  infl,imo  it. 


»  \\V  hRvr  s«Hn  th:ilthr  icprifir  |m\  ity  orhtdn»;:<>n  isO.0»i25  wiNii  that  ti(mL\^m  is  tdk 
=s  1  00  now  0.0625  {»}\\fl  \Vt  tiiiK«  8S  soihII  ai(  1,00  ibr  0.lit>25  X  16  =  1,  airviii  In  Imd  ll 

ifom  cif  h^  cln<«'n  ihr  iiiom  of  OEjjppn  bt  in;:  •  pound  =  1,  we  Iwvr  nnlr  to  dooble  the ' 

prmvi^  a0625  i.  c.  0.0635X3**  0.135  atom  h)  drogui.  (S«v.  236.)  ' 


J 


NTBROaEy. 

a  is  a  funnel  shaped  vessel,  fitting  by  a 
|rounil-j«nt  into  ttie  three-necked  bottle 
i ;  to  die  stopper  r  is  annexed  n  brass 
wire,  with  a  cylinder  of  zinc  screwed 
opon  iU  lower  end  ;  J  is  a  tube  furnished 
Kith  I  ^pcock  and  jet-pipe  ;  the  capuci- 
tjofthe  vesscln  should  be  nenrly  equi- 
Talent  to  that  of  b,  and  may  contain  3  or  4 
fifli*.  To  charge  this  apparatus  with  hy- 
im^,b  is  three  fourths  filled  with  water, 
nd  the  atopper  e  being  removed,  a  quan- 
tity of  sulphuric  acid,  previously  diluted 
with  its  bulk  of  water,  is  poured  in  by  a 
IsTf  funnel,  so  that  it  may  remain  at  ihe 
kodcND  of  the  water  which  now  fills  the  vessel.  The  stopper  e,  with 
it( appended  piece  of  zinc,  is  then  put  in,  and  the  generated  hydrogen 
fcrcestbe  dilute  acid  into  a,  where  its  pressure  serves  ta  propel  the 
pi  through  d  whenever  the  stop-cock  is  opened  i  the  acid,  at  the 
Bine  time  descending,  produces  ;i  fresh  portion  of  hydrogen  by  again 
irliag  upon  the  zinc.  This  instrument  is  useful  where  smull  quanti- 
ties of  hydrogen  are  required  for  burning,  charging  uir-guns,  and 
other  purposes. 

S30.  If  2  volnmes  of  hydrogen  and  1  of  oxygon  be  burned  in  the 
phial  or  air  gun,  the  explosion  is  extremely  violent. 

331.  A  current  nf  hydrogen  may  be  inflamed  when 
issaio};  from  a  small  aperture,  and  if  a  tube  of  18  or  20 
bches  in  length  be  held  over  the  Aame,  a  peculiar  mu- 
(ic-il  tone  is  produced.  This  effect  i.i  not  peculiar  to 
hjdrtf  en,  but  ii>  produced  by  a  variety  of  other  lliimcs 
(PiiitnAr,  Jov mitl  of  Scttnce  and  the  Arit,  Vol.  v.)  and 
if  refrr.iWe  to  the  succession  of  explosions  produced  by 
the  comlm'tion  of  the  giie  in  the  tube. 

2.'}J,  The  tendency  which  gaseous  fluids  have  to  be- 
come completely  mixed  under  all  circunistiiiices,  and  as 
it  were  to  penetrate  each  olber,  i»  well  illnstnited  whore 
fiviln^en  is  employed.  Thus,  if  two  small  phials,  the 
one  ront:iining  oxygen  and  the  other  hydrogen,  be  r.un- 
necied  perpendicularly  by  a  long  glass  tube,  of  small  bore, 
it  will  be  nurid,  that  although  the  hydrogen  he  upper- 
most, and  much  lighter  than  the  oxygen,  it  will,  in  the 
coaree  of  a  few  hours,  have  perfectly  mixed  with  the 
oi>gtn,  and  the  fi^t^es  will  be  found  in  equal  proportions 
ill  twih  pbi^ls.  Mr.  Dulton  hasshown  that  gases,  unlike 
oiiter  il'iid!',  do  not  remain  upon  each  other  without  ad- 
mixture.— Muaihtfttr  Meinoii-!,  Vol.  i.  New  Series. 

333.  Hydrojren,  in  consequence  of  its  extreme  light- 
acr*,i*  employed  Itir  tilliM^^iir-bulluons,  and  is  elegantly 
applied  to  the  purpose  of  obtaining  inytuntaneous  light  in 
V0I1.1N  infl-immabtc  air-bunp. 

2d4.  The  flame  of  bydroiren  is  occasionally  employed  for  cscilingin- 
\enf-e  beat;  and  it  has  been  found,  when  mixed  with  oxygen  and  burn-, 
*.i»  the  mixture  i<-!^ues  from  a  smalljet,  to  excite  a  temperature  nearly  1 
rqnultotbatofthe  arc  of  flame  intheVoltniccircuit.  Ahlow-pipc  upon 
■ItKCOGrt  rijc'i'in  was  iirst  made  by  Mr.  Newman,  at  the  i^uggei^tivD  of  Mr. 


7« 


^ITER. 


Vaion  with 


of  wA'^r. 


Brooks,  and  afterwards  improved,  as  to  its  safety,  by  Professor  Cnm- 
ming,  of  Cambridge. — Journal  of  Science  and  the  .irtSj  i.  65  and  ii.  380. 

235.  Hydrogen  and  oxygen. — When  two  volumes  of  hydrogen  gM 
are  mixed  with  one  volume  of  oxygen  gas,  and  the  nuxture  inflamed  ii 
a  proper  apparatu*^  by  the  electric  spark,  the  gases  totally  disappear, 
and  the  interior  of  the  vessel  is  covered  with  drops  of  pure  water, 
equal  in  weight  to  that  of  the  gases  consumed. 

If  pure  water  be  expo«*ed  to  the  action  of  Voltaic  electricity,  it  ii 
resolved  into  two  volumes  of  hydrogen,  disengaged  at  the  negative  pole, 
and  one  volume  of  oxygen,  disengaged  at  the  positive  pole  ;  so  that 
water  is  thu^  proved  by  synthesis,  and  by  analysis,  to  consist  of  two 
volumes  of  hydros^en,  combined  with  one  volume  of  oxygen.  The 
specific  gravity  of  hydrogen  compared  with  oxygen,  is  as  1  to  16,  there- 
fore the  component  parts  of  water  by  weight  are, 

1     Hydrogen. 
8    Oxygen. 

•  9    Representative  number  of  water. 


Water 


or  thus, 


"^o  that  100  parts  of  water  consist  of 

88.80  Oxygen. 

Wc^  Hy^lrogen. 

23f).  The  cxporiments  illustrating  the  composition  of  water,  may 
be  divided  into  synthetic  and  analytic.  Among  these  the  following 
may  be  selected  : 

i.  Burn  a  rnrront  of  hydrogen  under  the  funnel  a,  represented  IB 
the  following  wood-cut ;  by  uniting  with  the  oxygen  of  the  atmosphere 


formation  of 
WAter. 


coMniinoK  or  witib. 


1  ptadoce  aqaeouB  vapour,  which  passing  into  the  gjaaa  cylinder, 

n  omdeose  id  drops. 

The  uincxed  woodcat  repreaenti  an  apparatas  for  showing  the 

Eg 


n  of  water  by  burning  a  current  of  hydrogpn  in  a 
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,•  *  •  ••         ^*  ^ 


♦f«" 


fr.H  'I  jLTter  baviij^  been  t. 
1  .•  •*;•?  /.ly^en.  b  i-  a  receir< 
w  ;  i.M'i-  c,  by  which  the  gai 
.^r  :if  npillary  opening:  F,  wIh 
T.iMi'iai  wire  by  which  the  g: 
.*.  ■•  bums  with  the  productic 
•uc'.tiil  iu  drops  upon  the  intcn( 


Comt 
of  w 


-     *'ir»y[en  be  mixed 

.««   vr^i'iMced  in  the  gra- 

.^   T  •  viier,  by  an  eler- 

*«    ndUDum  wires  b  6, 

4, 1 tif.     If  there  be  any 

«<^  .:ie  portion  in  excess 


.1 


^cj.  'i-y  be  thus  varied,     a  is 

,^>  j.is*  vessel  provided  with 

. .  *A-  \  *  ground  stopper  iirnily 

•^•Mjsrh  which  the  platinum 

"vj     K^jH.'!  \  being  exhausted  of 

c    «.>[><t.-«s  R,  in  the  pneumatic 

.  ..    V  .^t'  pure  oxygen  and  hy- 

.-V  :.ioned  proportions  (236). 

,  ..-.•\i,  E,  a  quantity  of  the 

^    «i  hore,  after  having  cnre- 

♦  '»..  It  may  be  inflamed  by  an  electric  sparl 

.. .  .  •:  wires.     At  the  instant  of  the  detonation  J 


^, *^\>  ;hc  upper  vessel,  and  it  becomes  lined  with  moi«' 


<w 


tf  A&Ym  99 


^^ 


ft 


Nu- 


ir  the  stopi-cMk  be  mho  opened  a  freih  portion  of  the  nixed 

|||m,  aiia  may  be  innained  as  before. 

after  may  bo  decompoted  or  resolved  into  its  elements  by  a  AiMipitor 
kf  «f  procenes,  the  most  important  of  which  are  the  foUowing  :  **^  ^  >■«« 
I  la  a  g^aaa  retort,  into  which  is  introduced  a  given  weight  of 
r ;  Ik  Ik  a  email  furnace  through  which  passes  the  earthen  tube  c  e, 
h  terminates  in  the  S|nral  pewter  tube  d  d,  immersed  in  water. 
en  weight  of  pure  iron  wire,  coiled  up,  is  introduced  into  the  tube 
I  tike  whole  made  red  hot  ;  the  water  in  a  is  then  made  to  boil, 
he  vapour,  on  coming  into  contact  with  the  red-hot  iron,  is  in 
decomposed  ;  the  oxygen  is  retained  by  the  iron,  and  the  hydro- 
escaping  through  the  tube/,  maj  be  collected  as  usual.  Any  de- 
leaed  portion  of  water  is  condensed  in  the  worm-pipe  d,  and  luropa 
the  vessel  e.  After  this  experiment  the  iron  will  be  finmd  to 
( iBcratfed  in  weight;  and  if  attention  be  paid  to  the  quantity  of 
r  which  has  collected  in  e,  and  to  the  weight  of  the  hydrogen  gpi 
ved,  it  will  be  found  that  Uie  weight  gain^  by  the  iron,  added  to 
sf  the  hydrogen,  will  be  equal  to  the  weight  of  the  water  which 
disqnpeared.  Lavoisier  concluded,  from  an  experiment  thus 
lacted,  that  water  consisted  of  BBper  cent,  by  w^^t  of  oxygen,  and 
bj  wci^  of  hydrogen ;  that  is,  tnat  for  every  16  grains  of  hydro- 
cvdvedi  B6  grains  of  oxygen  were  condensed  by  the  iron. 


.  Decomposition  by  Voltaic  electricity  (137)  best  illustrates  theByVoit.i 
position  of  water,  since  it  exhibits  both  ttie  oxygen  and  hydrogen  «»"^"*7 
he  gaseous  form.  The  woodcut  overleaf  represents  a  section  of 
pparatus  for  this  purpose.  It  is  a  glass  vessel  containing  water, 
B^  two  wires  of  platinum,  a  a,  passing  through  its  bottom :  over 
e  are  inverted  the  tubes  b  b,  also  filled  with  water.  The  wires 
leadered  positive  and  negative  by  connexion  with  a  moderately- 
erful  Voltaic  apparatus.  Oxygen  is  evolved  at  the  positive  wire, 
hjdrqgen  at  the  negative  wire,  which  gases  rise  into  the  tubes,  and 
seen  that  one  volume  of  oxygen,  o,  and  two  volumes  of  hydrogen, 
re  the  constant  results.  If  these  gases  be  mixed  and  detonated, 
(water is  again  formed. 
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238.  Water,  in  its  ordinary  state,  such  as  spring  and  river  water^  it 
always  so  far  contaminated  with  foreign  suhstances  as  to  be  unSt  for 
many  chemical  purposes,  and  frequently,  as  will  be  more  fully  sbown 
hereafter,  even  ibr  domestic  use.  liain-tpateri^  much  more  pure, but 
it  always  contains  a  portion  of  carbonic  acid  and  of  the  elements  of  at- 
mospheric air,  besides  appreciable  traces  of  vegetable  or  animal  mat- 
ter;  to  the  latter  it  owes  its  property  of  becoming  putrid  when  kept 
The  distinction  of  water  into /tare?  and  soft  has  reference  to  its  less  or 
greater  purity.  The  impurities  of  water  are  separated  by  diBtillation, 
which  process  is  usuiUly  conducted  u])On  the  large  scale  in  a  copper 
boiler y  a,  placed  either  in  a  portiible  furnace,  or  set  in  brickwork,  ac- 
cording to  'its  dimensions,  to  which  is  annexed  a  head,  6,  of  the  same 
material,  or  of  pewter  connected  with  the  pewter  worm  c,  which  is 
immersed  in  the  worni'tuhy  or  refrigerator,  d,  its  lower  end  passing  out 
at  e.  The  water  in  this  vessel  n)u^t  always  be  retiined  of  a  low  tem- 
perature to  efiect  the  condensation  of  the  vapour  in  the  spiral  tube. 


WATER. 


DiudUd  vsattr^  as  commonly  prepared,  always  afibrds  minute  traces 
«C  fioreigo  matter,  especially  when  subjected  to  Voltaic  dccompotition, 
and  ca  only  be  considered  as  perfectly  pure  when  rc-distillcd  at  a 
low  temperature  in  silver  vessels. 

S3d.  Pure  water  is  transparent,  and  without  either  colour,  taste,  orProperue» 
smell.    In  consequence  of  the  facility  of  obtaining  it  pure,  it  is  assum-  standard  of 
ed  as  a  standard  to  which  the  rel.uive  weight  of  all  otiicr  bodies  may  !(r«vificfrMi 
be  compared,  its  specific  gravity  being  called^  1.000,  and  hence  the*'* 
importance  of  estimating  its  weight  nith  precision.     At  the  tempera- 
tare  of  40^  it  is  at  its  maximum  of  density,  and  at  that  temperature  an 
Engiiith  cubic  foot  weighs  437102.4946  grains  (Thomson's  System, 
Vol.  ii.  p.  12.)  or  999.0914161  ounces  avoirdupois,  and  a  cubic  inch 
S5J.953  grains. 

240.  At  the  temperature  of  3i*»  water  congeals  into  ice,  which,  if 
ilowiy  formed,  produces  needles  crossing  v.ich  other  at  angles  of  60^ 
iml  120^ .     The  specific  gravity  of  ice  is  0.1)4.     Exposed  to  the  air, 
ice  loses  considerably  in  weight  by  evaporation. 

241.  If  water  be  exposed  to  heat  in  open  vessels  it  boils,  oris  con- 
verted into  steam,  at  2\2^,  the  barometer  being  at  30  inches  ;  but  the  .^^, 
boiling  point  of  water  varies  considerably  with  the  pressure  (83.)   ""^""^ 
The  specific  gravity  of  air  being  considered  as  ^  1  ;  tliat  of  steam  is 
0.6235.     At  mean  pressure,  and  at  the  temperature  of  212^,  the  bulk 

of  steam  is  170U  times  greater  than  that  of  water. 

242.  Water  is  susceptible  of  compression,  as  was  originally  shown 

hj  Canton,  and  more  lately  by  Mr.  Perkins,  who  has  estimated,  in  an  *""''^*''' 
ingenious  series  of  experiments,  the  rate  of  its  compression  {Phil, 
Trans,  1820.)     If  submitted  to  very  sudden  compression,  water  be- 
comes luniinous,  as  has  been  shown  by  M.  Desaignes. — Thenard, 
Traiii  de  Chiaiie,  i.  432. 

243.  Water  enters  into  combination  with  a  variety  of  substances, 
ud  is  retained  with  various  degrees  of  force  :  where  it  contributes  to 
the  regular  form  and  transparency  of  cry<itallized  bodies,  it  is  termed 
^ater  of  crystallization  (1^-)  In  other  cases  the  compounds  whicli 
water  jforms  with  substmces  are  called  hydrates,  as  with  many  of  the 
metallic  oxides  (5^0)  ;  in  both  cases  it  may  be  considered  as  one  of 
the  constituents  of  the  bodies,  for  it  exists  in  them  in  a  definite  pro- 
portion. 

244.  Water,  which  has  been  exposed  to  the  atmosphere,  always 
contains  a  portion  of  air,  as  may  be  proved  by  boiling  it,  or  by  expos- 
ing it  under  the  exhausted  receiver  of  the  air-pump.  To  separate 
the  air,  the  water  must  be  boiled  for  about  two  hours.  It  absorbs  oxy- 
gen gas  in  preference  to  atmospheric  air  or  nitrogen,  and  when  the 
air  is  expelled  by  boiling,  the  last  portions  contain  more  oxygen  than 
those  first  given  off. — Humboldt  and  Gav-Lussac,  Jovrnai  de  Physi- 
qve,  1805. 

245.  M.  Thenard  has  shown  that  water  may  be  united  to  a  consido-,,^;,^^^^^,^ 
fable  excess  of  oxygen  by  means  of  peroxide  of  barium.     (QafiWcr/i/.x.i'^9of  oiy 
J'jnrnal,  Vol.  viii.  p.  114.)     The  specific  gravity  of  ox3'genalod  walor="° 

i^  about  1.45.  It  ticts  as  a  caustic  upon  the  skin  ;  detonates  violiMitly 
when  dropped  upon  dry  oxide  of  silver,  or  upon  most  of  thi*  metals 
finely  divided.  This  singular  compound  may  be  tenne<l  peroxide  of 
Ay</rogrn ;  its  properties,  and  the  process  for  obtaining  it,  whirii  is 
complex  and  circuitous,  have  been  fully  detailed  by  its  discoY«frer,  aHd 
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will  be  adverted  to  under  tbe  article  Peroxide  of  Barium^  Vo 
Section  5.  Par.  630. 

246.  The  following  table  exhibits  the  quantity,  of  diffieroit 
which  water  is  capable  of  absorbing  at  mean  temperature  and  prei 
the  water  being  preyiously  deprived  of  all  aeriform  matter  h} 
boiling. 


OASES. 

100  Volumes  of  Wateft 
ftbfoffo 

AUTHORIl 

Os^TOcn  .....«••••••■••■ 

3.7  volumes 
200 
800 

1.56 
50000.    avenge 

1.56 
100 

5 

67000    average 
3300 
100 
114 
It 

2    average 

100 

12.5 

450 

70000 

35000 

DaHon. 

OvidA  of  Chtorine  .,....,,.. 

Hydrogen    

HflOj/. 

Hvdiiodlc  acid 

Nitrogieo • 

IVftivmA  nuiflp      

Hemy. 
Ditto. 

Nitric  oude 

Nitraufi  Bfcid *. 

Ammmia  .........«*..«« 

Snlphuroas  acid 

Sulphuretted  hydrogen 

Hydroguret  of  phoiphoras 

Bi-hydrog«ret  of  phosphonii   .... 
Carbonic  onide 

ThoniOB. 
Daiton. 
Henry. 
Davy. 

Dahoif. 

Carburetted  hydn^gen  ........ 

Cyanogen 

iriiinhnvir  oriH 

DaltoQ. 
John  Davy. 

FloDsilicic  acid 

247.  As  hydrogen  is  the  lightest  known  substance,  it  is  assm 
this  work  as  unity ^  in  reference  to  the  representative  numbers  of 
bodies.  The  principle  of  numeric  representation,  or  of  equival 
proportional  numbers,  has  already  been  adverted  to  f  50),  and  d 
lowing  will  be  the  representative  numbers  of  the  booies  descril 
the  foregoing  chapter,  the  number  for  oxygen  being  deduced  frc 
composition  of  water  f  235),  and  of  chlorine  and  iodine  from  the 
Btic  (248)  and  hydriodic  acids  (259). 


Uad«eompoiiB^d 
Subttuiees. 


ProportioDftl 
iiambon. 


Hydrogen 1 

Oxygen    8 

Chlorine 36 

Iodine 125 


MURIATIC   ACID. 


8i 


C«Dp«icnt 
Puti. 


lUpMMDtatiTe 


lifter 


Ondeof 
chlorine 

CUoric  acid 

Perchloric 
acid .... 


I 


Nun 


umber. 


1  proportional  of  hydrogen 
1  ditto  oxygen 

4  proportionals  of  oxygen 
1  ditto         chlorine 

5  proportionals  of  oxygen 
1         ditto         chlorine 

7  proportionab  of  oxygen 
1  ditto         chlorine 


=  lu- 


Oxiodicacid      $6pwportionahiofoxygen     = 


CUoriodic 
acid .  .  . 


I? 
11 


ditto 


iodine 


,nu^- 


proportional  of  chlorine     =       36  > 


ditto 


iodine 


s=      126$ 


161. 


248.  Hjfdrogen  and  (Morint, — ^When  equal  volumes  of  these  gases  Mimitie  •eJ 
tie  mixed  and  exposed  to  light,  they  combine,  and  produce  a  sour  com- 
pound commonly  called  muriatic  acid  gat ;  or,  in  conformity  to  more 
modem  nomenclature,  hydrochloric  acid  gas.  If  the  above  mixture  be 
exposed  to  the  direct  solar  rays,  a  detonation  ensues,  as  was  first  remark- 
ed by  M.  M.  Gay-Lussac  and  Thenard.     (^Recherches  Physico-Chtftni- 

fwff,  ii.  129.)  It  also  detonates  when  exposed  to  the  light  of  the  Vol- 
taic discharge,  showing  a  curious  analogy  between  electric  and  solar 
li^t ;  for  ordinary  artificial  light  does  not  accelerate  the  combination. 
Bkaxde,  Phil.  Trans.  1820. 

The  best  mode  of  showing  the  composition  of  muriatic  acid,  is  to  in- 
troduce into  a  small  but  strong  glass  vessel  a  mixture  of  the  two  gases, 
andlo  inflame  them  by  the  electric  spark  ;  no  change  of  volume  ensues, 
and  muriatic  gas  results.  The  apparatus  shown  at  page  334,  may  be 
ued  for  this  purpose. 

249.  Muriatic  acid  may  be  decomposed  by  the  action  of  several  of  the 
metals.     Potassium,  for  instance,  absorbs  the  chlorine,  and  the  hydro- ^un/uc'orbr 
genii  evolved  ;  muriatic  acid  gas  thus  affords  half  its  volume  of  hydro- ^j?^^:^^''^** 
gen.    As  die  specific  gravity  of  hydrogen  to  chlorine  is  as  one  to  36.0, 
moriatic  acid  will  consist  of  1  hydrogen  -f-  36.0  chlorine,  and  its  repre- 
lentitive  number  will  be  37.0. 


Hydfogcn. 

1 

Chlorbic. 
36.0 

250.  Muriatic  acid  may  be  roadily  procured  by  acting  upon  com- 
DMQsalt  by  sulphuric  acid  ;  the  evolved  gas  must  be  received  ovcrmer- 
CQiy.     It  was  first  obtained  pure  by  Dr.  Priestley,  but  its  compositioa 
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was  discoTered  by  Schede,  and  has  since  been  most  ably  investii 
by  Davy. 

25 1 .  Muriatic  acid  gas  extinguishes  flame.  Its  specific  gravity,  < 
pared  with  hydrogen,  is  =  18.5 ;  100  cubic  inches  =r  39.162  gra 

252.  Muriatic  acid  gas  is  greedily  absorbed  by  water,  which  i 
up  400  times  its  bulk,  and  has  its  specific  gravity  increased  from 
1.210. 

253.  For  saturating  water  with  gases  which  are  easily  solubl 
that  fluid,  we  generally  employ  Woulfe^s  apparatus^  one  form  of  w 
is  shown  in  the  annexed  cut.  a,  is  a  tubulated  retort  in  which 
materiids,  producing  the  gas  or  vapour,  are  contained ;  6,  a  rec( 
conmiunicating  by  a  bent  tube  with  the  three-necked  bottle  c,  whi 
connected  also  by  a  tube  with  d.  These  bottles  are  about  half  i 
with  water,  or  any  other  fluid  intended  to  be  saturated  with  the 
when  that  in  c  has  become  saturated,  it  passes  into  d,  and  aftervi 
through  the  tube  e,  which  may  be  placed  under  the  water,  or  mere 
in  the  pneumatic  trough.  In  case  absorption  should  take  place  ii 
vessels  a  or  6,  the  pressure  of  the  external  air  might  force  the  n 
from  d  into  c,  and  from  c  into  the  balloon  b.  This  is  prevented  b^ 
safety  tubes  //,  which  dipping  not  more  than  half  an  inch  undei 
surface  of  the  water,  allow  a  Uttle  air  to  enter,  so  as  to  compensat 
the  absorption.  The  diflerent  joints  may  be  secured  cither  by  gi 
ing,  or  by  well-cut  corks  rendered  tight  by  a  mixture  of  drying  oi 
pipe-clay. 


254.  When  muriatic  acid  is  thus  dissolved  in  water,  it  forms  tl 
quid  muriatic  acid  or  spirit  of  salt^  and  may  easily  be  procured  b' 
tilling  a  mixture  of  dilute  sulphuric  acid  and  common  salt,  as  direct 

w«w  •buin-  the  London  Pharmacopma,  The  most  economical  proportions  a' 
parts  of  salt,  ami  22  of  sulphuric  acid,  diluted  with  one  third  its  w 
of  water.  The  retort  containing  these  ingredients  maybe  luted 
a  receiver,  containing  twice  the  quantity  of  water  used  in  dilutin 
sulphuric  acid,  and  the*  distill  aion  carried  on  in  a  sand-bath. 

255.  When  this  liquid  acid  is  pure  it  is  perfectly  colourless, 
generally  has  a  yelhm  hue  arising  from  a  little  iron.     When  he 
the  gaseous  acid  is  evolved. 


•  \^  hen  the  specific  graTit^  of  oxvj^en  =1,  that  of  nmrUtic  acid  ^it  will  be  1 156 ; 
find  tlie  atom  of  muriatic  acid,  irc  have  only  to  multiply  its  specific  grmvit}-  by  4,  i.  c 
X4.=4.6J^  the  atom  of  murmtic  acid,  (when  that  of  oxygen  is  lakoii=;1),  maia  tfa*  % 
munktic  acid  is  37  times  as  (Mat  as  that  of  kiydroyoo,  fw  U.lS5XS7s4.6S? 
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556.  The  following  Table  shows  the  quantity  of  real  acid  contained 
m  lUO  parts  of  liquid  acid  of  different  specific  gravities. — Davy's  Ele* 
aiciifs,  p.  253. 


TaUt 


mg  the  Quantity  of  real  Acid  in  Lirpiid  Muriatic  Acid  of  diftrent  Specific  GiaTi- 
ties.    (Temperature  45^  Faiir.  Barometer  30.) 


Spreific 
Grmvilj. 

100  Grains  coauin  of 
Murimtic  Acid  Om. 

Specific 
Gravity. 

100  Grains  contain  o( 
Muriatic  Acid  Gai. 

1.21 

42.43 

1.10 

20  20 

1.90 

40.80 

1.09 

18.18 

1.19 

38.38 

1.08 

16.16 

1.18 

36.36 

1.07 

14.14 

1.17 

34  34 

1.06 

12.12 

1.16 

3^.32 

1.05 

10.10 

1.16 

30.30 

1.04 

8.08 

1.14 

28.28 

1.03 

6.06 

1  13 

26^6 

1.02 

4.04 

1.12 

S4.24 

1.01 

2.02 

1.11 

22.30 

257.  Hydrogen  and  Iodine  exert  a  slow  action  under  ordinary  cir-  Hydnod 
funi«t;ince!i ;  but  when  iodine  ir»  presented  to  nascent  hydrogen,  they«*<«J- 
readily  unite,  and  produce  a  gaseous  acid,  the  hydriodic  acid.  It  is 
prepared  by  the  action  of  moist  iodine  upon  phosphorus,  suid  must  be 
received  over  mercury  ;  which,  however,  soon  acts  upon  and  dccom- 
po^i>  it.  so  that  it  should  be  transferred  as  speedily  as  possible  into  an 
fihausted  vessel.  In  procuring  it,  it  is  convenient  to  use  a  small  re- 
tort or  bent  tube,  into  the  bulb  of  which  is  introduced  the  iodine,  iuid 

a  small  stick  of  phosphorus  placed  in  the  neck  above  it,  which  can  be 
ihaken  down  upon  the  iodine  when  the  beak  of  the  tube  or  retort  is 
phred  under  the  inverted  jar ;  n  quantity  of  the  gns  is  instantly  and 
noleotly  fzenerated,  and  a  fuither  portion  is  obtained  on  applying  the 
fame  of  ;i  spirit  lamp. 

258.  Hydriodic  acid  is  colourless,  very  sour,  and  smells  like  muri- 
alir  arid*!  Its  specific  gravity  to  hydrogen  is  as  63.00  to  1.  100 
rubir  inches  =  1.33.4  grains. 

239.  Hydriodic  gas  is  rapidly  absorbed  by  water.  The  solution,  ex- 
posed to  a  temperature  below  200**,  becomes  concentrated  by  loss  of 
water ;  at  about   260^  it  boils,  and  may  be  distilled.     The  specific 


•  TY.fv-  rrjficlnsirvis  are  ohiainrd  Irurn  tjv  fact,  rhal,  hvdriodic  acid  is  t^ruposi'd  of  rqual 
vohiir^-  .J  »r. driven  .ind  iodinr  VHpnur.  'Die  xjKcific  gravity  n(  h}drkxitc  arid  i?  3.i<d75 
}»  brirt;  ==I :,  Tlm^  f*""  *»"»='»  ^1"*  « 1 5.75  thi>  atom  of  thif'acid — Bgam  1S.75  iv  just  lUi 
^7  0.  \2'>  'he  atofii  •(  hvdnig:vn.  (that  of  03(\g«:a  bein|^  ^I;. 
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gravity  of  the  strongest  liqaid  acid  is  1.7.  It  becomes  dark  coloured 
when  kept,  in  consequence  of  a  partial  decomposition,  and  it  readily 
dissolves  iodine,  becoming  of  a  deep  brown  colour. 

The  liquid  hydriodic  acid  is  best  prepared  by  passing  sulphuretted 
hydrogen  through  a  mixture  of  iodine  and  water ;  sulphur  is  deposit- 
ed, and  on  heating  and  filtering  the  liquor,  a  pure  solution  of  hydriodic 
acid  is  obtained,  which  may  be  concentrated  by  evaporation. 

260.  That  hydriodic  acid  gas  consists  of  equal  volumes  of  hydrogen 
and  vapour  of  iodine  is  shown  by  the  action  of  mercury,  which  by  ab- 
sorbing the  iodine,  evolves  half  a  volume  of  hydrogen  from  one  of  the 
gas. 

It  is  instantly  decomposed  by  chlorine,  which  produces  muriatic 
acid  and  the  blue  vapour  of  iodine  is  rendered  evident.     These 
often  take  fire  on  mixture. 


It  consists  of • .    1.56    hydrogen,    0.248  (nearly  2  atoms) 

Hydriodic  acid — 1—   iodine,       16.625  (1  atom) 


It  is  to  be  noted  that  Thomson  in  his  system  of  chemistry  gives  die 
composition  of  this  acid  from  the  same  data, 

Iodine 8.6804     15.625  (1  atom) 

Hydrogen 0.0694      0.125  (1  atom) 


Section  II.    Niirogtn, 


ed. 


obUin- 


20 1 .  This  was  first  recognised  as  a  distinct  aeriform  fluid,  1^  Dr. 
Rutherford  in  1772.  (Thesis,  De  acre  Mephitico,)  It  may  be  obtam- 
ed  by  heating  phosphorus  in  a  confined  portion  of  dry  atmospheric  airi 
which  consists  of  nitrogen  and  oxygen  ;  the  phosphorus  absorbs  tht 
latter,  and  the  former  gas  remains.  Afler  repeated  washing,  it  may  be 
considered  as  pure.  It  may  also  be  obtained  by  the  action  of  moiit 
sulphuret  of  iron  upon  atmospheric  air. 
Pfoperticf.  262.  100  cubic  inches  of  nitrogen  weigh  29.625  grains ;  so  that  ill 
specific  gravity,  compared  with  hydrogen,  is  as  14*  to  1.  It  is  tasteless, 
inodorous,  and  insoluble  in  water.  It  does  not  support  combustion  and 
is  fatal  to  animals  ;  hence  was  called  azote.  It  is  not  inflammable ;  but 
when  its  compounds  are  submitted  to  Voltaic  decomposition,  it  is  attract- 
ed by  the  negative  pole. 

263.  Nitrogen  and  Oxygen. — These  bodies  unite  in  four  proportions, 
:ind  form  the  compounds  called, 

1.  Nitrous  oxide. 

2.  Nitric  oxide. 

3.  Nitrous  acid. 

4.  Nitric  acid. 


■  \Wn  <fce  specific  n^ravity  o[  cajgcn  is  taken  as  the  Ftandard,  or  ^e],  that  of  niCitf;ra 
trill  be  0.875,  or  ^  of  1 ;  a^^n  when  the  aion  dC  oxygen  is  vnuif.  1,  or  tltf  itandard  An 

fwic«  the  specific  grarity  of  nitrogen  will  be  its  relatire  atom,  thus,  0875 X2s=l. 750  aton  of 

rii(nig<n. 


t.  fmniitof  .Vitrngtm,  or  /fitrmu  OsiAa,  vmj  be  «lituned  bymw^^ 
Of  in  )^  retort  overall  Aigaud  lamp,  tbe  nit  eaSed  nitratt 
n  tcmpciatare  of  about  420".     The  gas  which  pasiet 
^kfoilected  over  warm  water,  and  ia  nifrout  aartcfs,*     lOOcubic 
iNwijb IS. 67-1  grains;  itsBpecificgrantj,  therefore, to hydiogen  - 

h  tMe  orthu  gas  i«  sweet,  and  its  smell  peculiar,  bat  agreeable. 
pJittitfilMorbcd  by  wafer,  which  takes  up  about  its  own  bulk, 
~-''a  il  anchatigei]  irhen  heated. 

effects,  resembling  intoiicattoa,  when  redpired,  were 
I'lOvJ  by  .Sir  II.  Darrj.  (fUttanAei  C3ietiueal  and  Philoto- 
I  f*^  '^^  concerning  .Yitnmi  Oxidt.  London,  1800.)  The  ex- 
I  ftoKdlaf  hr-^niliinu;  this  gas,  howerer,  cannot  be  made  with  impn- 
J  ri/.opKriljj  by  those  vfba  are  liable  to  a  detennination  oi  blood  t» 

Ki.  Nitron*  oxide  supports  coaabustion,  and  a  taper  intiodnced  ints 

Mt»(i(lluiif  oiiich  augmented  and  surroanded  by  a  puftitk  bdo. 

,  <nil  sulphur,  vhen  iDtroduced  in  a  state  of  virid  ignition 

lb  tbw  gu,  are  irapahte  of  decompoaivg  it,  and  ban  with  the  aaan 

I  ^y^macc  aeittiy  a%  in  osygen;  bnt,if  when  pat  into  the  pa,  they  arc 

!    ttttij  bnrmi-^  dimly,  thej  thui  do  not  deconqMMe  it  and  are  extin- 

f^ttd. « ihut  ihey  may  be  melted  in  the  gas.  or  eren  tooehcd  with  a 

Mli«  irire  without  inSaning.    CbaroMl,  ud  many  of  tlM  metak, 

iki  jKampMe  nitrous  oside  at  high  temperatnien. 

MS-  At  a  red  hn-A  this  i;as  ia  decomposed  and  eonrertod  into  nkro* 

KtaitaiTk  Olid*!,  undi^L'goingal  the  same  time  an  increaae  of  bnlh. 
dperimenlA  of  this  kind  the  following  simple  apparatna  nay.be 
■td :  Il  fotni^is  of  two  bladders,  one  of  which  it  ^led  with  the  gas, 
■i  Ac  other  empty  attached  to  the  extremities  of  a  porcelain  tube 
riU  Irerersea  the  body  of  a  furnace.  The  bladders  are  supplied 
<litip  Luiki,  and  the  gas  it  squeezed  from  one  te  the  stbaz  wb«a 
bHiaiandkit. 


01.  The  best  analysis  of  this  gaa  is  effected  by  detonation  with  hy-Aoai^rf 
■(■;  one  Tolume  of  nitrous  oxide  requires  one  Toliime  of  hydrogen.  *»••»'** 

•  mixtiire  fired  by  the  electric  spark,  prodaces  water,  and  one  To- 

•  irfnitrogen  remains.  Now,  as  one  volume  of  hydrogen  takes  half 
il^M  of  oxygen  to  form  water,  nitrons  oxide  must  consist  of  two 
■K*  ot  nitrogen  and  one  volume  of  oxygen ;  these  three  volumes 
Igattcoadenied  in  conseqaence  of  chemiad  onion,  as  only  to  fill  the 


T5  ftir  ta  «oai  rf  ■>ilrosel^  when  «™n  b  «lio  lla  «umiic  ■isooap*- 

M  OlUS  (ihs  itaoi  of  by^nsen,  ix  lia  aw- -^■"'-^^ 
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space  of  two  volumes.    The  specific  gravity  of  nitrogen  compared  WiHtm 
oxygen,  is  as  14  to  16 ;  nitrous  oxide,  therefore,  con:»i8t8  of 

14  Nitrogen 
8  Oxygen 

Number  for  nitrous  oxide,  =  2S 


•r. 


Nitrogen 
14 

Oxygen 
8 

268.  JSfitric  oxide^  deutoxtde  of  nitrogen^  or  niirout  ga$^  is  osaally 
obtained  by  presentiug  certain  substances  to  nitric  acid,  which  abstract 
a  portion  of  its  oxygen,  leaving  the  remaining  elements  in  such  pro* 
portions  as  to  constitute  the  gas  in  question  ;  for  this  purpose  some 
copper  filings  may  be  put  into  a  gas  bottle  (227)  with  nitric  acid,  dilu- 
ted with  thrice  its  bulk  of  water ;  an  action  ensues  red  fumes  are  pro- 
duced, and  there  is  a  copious  evolution  of  the  gas,  which  may  be  col- 
lected and  preserved  over  water.  The  first  portions  should  be  rejec- 
ted as  containing  nitrogen  and  nitrous  acid  gas.  Nitric  oxide  is  pre- 
sently recognised  by  the  red  fumes  which  it  produces  when  bron|^ 
into  the  contact  of  air. 

*  Its  specific  gravity  to  hydrogen  is  as  15  to  1.  100  cubic  inches 
weigh  31.755  grains.  When  it  has  been  washed  with  water  it  is  not 
acid,  as  may  be  proved  by  the  colour  of  litmus  remaining  unchanged 
by  it.  It  extinguishes  most  burning  bodies,  but  phosphorus  readily 
bums  in  it,  if  introduced  in  intense  ignition. 

269.  It  is  not  altered  by  a  red  heat,  nor  does  it  detonate  when  mix- 
ed with  hydrogen,  and  subjected  to  the  electric  spark  ;  but  it  may  be 
decomposed  by  the  action  of  some  of  the  metals  at  high  temperatures, 
which  absorb  its  oxygen.  One  volume  of  nitric  oxide  is  thus  resolv- 
ed into  equal  volumes  of  oxygen  and  nitrogen.  If,  therefore,  we 
call  nitrous  oxide  a  compound  of  1  proportional  of  nitrogen  +  1  oxy- 
gen, then  nitric  oxide  may  be  considered  as  consisting  of  1  nitrogen+ 
2  oxygen,  or  by  weight,  14  nitrogen  +16  oxygen,  and  its  symbol  wUI 
stand  thus : 


Nitrogen 
14 

Ox3rgen 
8 

8 

Nitric  Oxide 
30 


270.  A  piece  of  glowing  charcoal  plunged  into  nitric  oxide  gas  is 
presently  extinguished,  bul  if  it  be  passed  through  a  porcelain  tube 
containing  red-hot  charcoal,  nitrogen  and  carbonic  acid  and  oxide  are 
produced. 


>  When  the  specific  gmvi^  of  ox}-gien*l,  the  deutox.  nitrogen  ^0.9375— thit  iiiiil(i|ilicd 
by  4  ^\es  3.75  tor  its  atom,  (atom  of  oxygon  being  =  1}— furtber  3.75  iB  just  30  timai|  1S5 
((be  atom  of  bydrogcn.) 


irmdtrs'  Aci^  tfA8. 


»i 


(hide  and  Chlorine^  when  both  are  peMecdy 
al  action,  but  the  presence  of  water  causes  an  immc 
decomiM>sed,  and,  famishing  oxygen  to  the  nitric  oxide, 
to  the  chlorine,  nitrons  acid  and  muriatic  aqid  gases  are 
:  was  the  presence  of  water  which  misled  those,  who 
the  red  fumes  produced  by  mixing  nitric  oxide  and 
arefally  dried,  resulted  from  the  existence  of  oxygen  in 

.nssac  has  concluded  from  his  experiments  that  there 
>und  of  nitrogen  and  oxygen  intermediate  between  nitric 
rous  acid,  which  he  has  termed  per-tdtrow  acid^  but  to 
m  hffponitraus  acid  is  more  applicable.  He  considers  it 
I  of  1  proportional  of  nitrogen,  and  3  of  dxygen ;  but 
of  such  a  compound  can  scarcely  l>e  considered  as  ac- 
mstrated. 

'S  Acid  Goi. — ^When  nitric  oxide  is  presented  to  oxygen, 
combipe*,  and  a  new  gaseous  compound  of  a  deep  orange 
I.  This  compound  is  not  easily  examined,  because  it  in 
I  by  quicksilver  and  water,  so  that  we  are  obliged  to.  re- 
ted  glass  vessels  for  its  production.  When  we  thus  mix 
f  nitric  oxide  with  one  volume  of  oxygen,  the  gases  he- 
ed to  about  half  their  original  volume,  and  form  nUrou$ 

pports  the  combustion  of  the  taper,  of  phosphorus,  and 
ut  ex|inguishes  sulphur.  It  is  readily  absorbed  by  water 
3n  sour  liquid.  Its  specific  gravity  to  hydrogen  is  as  23 
rubic  inches  weigh  48.69  grains.* 

bvious  that  this  nitrous  acid  gas  must  consist  of  14  nitro- 
^n,  and  tfierefore,  its  number  is  46  ;  for  nitric  oxide  is 
iqual  volumes  of  nitrogen  and  oxy^n,  and  one  additional 
irgcn,  oi'two  proportionals  by  weifbt  are  added  to  form 


Nitrogen 

Oxvgcn 
'8 

14 

8 

8 

8 

>  3 


mixture  of  nitric  oxide  and  oxygen  be  made  over  water, 
iroportions,  and  if  the  gases  be  perfectly  pure,  complete 


ty  ofroxTgen  being  =1 ;  that  of  nitrous  acid  gas  wiU  be  ?-8?5,  this  wtf^ 
r»&.75  for  the  atom  when  that  of  oxygen  «*!,  also,  6,75  is  jnst  46  *— 
rfcjdrogco.) 


^t 
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absorption  takes  place ;  but  if  either  the  oxygen  6r  nitric  exide  trnt- 
tain  uncombined  nitrogen  it  will  remain  unabsorbed. 

276.  Aitric  Acid. — The  fourth  compound  of  nitrogen  with  ozjgeai 
is  the  nitric  acid  ;  the  nature  of  which  was  first  demonstrated  by  Mr*; 
Cavendish  in  1 785.  {Phil,  Trans.)  It  is  usually  obtained  by  the  distilla- 
tion of  purified  nitre  with  sulphuric  acid,  of  which  materials  different 
pn  portions  are  employed.  The  nitric  acid  of  commerce,  which  is  ge- 
nerally red  and  fuming  in  consequence  of  the  presence  of  nitric  oxide, 
is  procured  by  the  distillation  of  two  parts  of  nitre  witli  one  of  sul- 
phuric acid  ;  these  proportions  afford  about  one  part  of  orange-co- 
loured nitric  acid  of  the  specific  gravity  of  1.48.  Upon  the  large  scale. 
1]2  lbs.  of  nitre,  and  50  of  sulphuric  acid  yield  from  50  to  62  lbs.  of 
nitric  acid.  Some  manufacturers  employ  three  parts  of  nitre  and  two 
of  sulphuric  acid,  and  the  London  Pharmacopaia  directs  equal  weights, 
by  which  a  ne<irly  colourless  nitric  acid  is  aflbrdcd. 

It  will  appear  by  referring  to  the  article  Sulphuric  Acidy  that  it  con* 
tains  in  its  hquid  state  one  proportionid  of  dry  acid,  and  one  of  water ; 
whereas  liquid  nitric  acid  contains  one  proportional  of  dry  acid,  and 
two  of  water  ;  hence  the  requisite  excess  of  sulphuric  acid,  wherts  co- 
lourless and  perfect  nitric  acid  is  to  be  obtained  ;  hence  too  the  red 
colour  of  the  acid  of  commerce  in  consequence  of  the  smaller  qnantr- 
ty  of  sulphuric  acid  generally  used  by  the  manufacturer.  Thn  wil 
be  more  cippnrent  by  reference  to  the  article  Bi-svlphaie  of  Poiaua. 

I* he  distillation  of  nitric  acid  may  be  conducted  upon  the  small  scale 
in  a  tubulated  glass  retort  a,  with  a  tubulated  receiver  6,  passing  inta 
the  hottle  r.  The  requisite  heat  is  obtiiined  by  the  lamp  (2,  and  the 
whole  apparatus  supported  by  the  brass  stands  with  sliding  rings  e  e. 


Kptrationef    ^^^^  ^^^  manufacturer  who  prepares  nitric  acid  upon  si  lane  acatti 
bouiacu.  generally  employs  distillatory  vessels  of  stone-ware.     The  following 


\ 


employed  at  Apotbi 


appanftoit 


J 
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Jm^t ;  it  csMuta  of  m  iron  pot,  i«t  In  brick.wotit,  met  a  fire-place  ; 
n  Mrthenwarc  head  ii  luted  npon  it,  commnnicatiDg  with  two  receiv- 
tn  of  the  same  mnterial,  furnished  with  earthenware  stop-cocka,  the 
bA  of  which  has  a  tube  of  safety  dipping  into  a  bauD  of  water. 


S*7,  Th»  nitric  acid  of  commerce,  as  obtained  by  llie  above  pro- 
•"Ces,  i»  iilwajs  impure,  and  muriatic  and  sulphuric  aciils  m;iy  usiuilly 
b«  iJeterled  in  it.  The  fqrmer  may  be  separated  by  nitrate  of  »ilver, 
and  the  Utter  by  a  very  dilute  sobition  of  nitrate  of  baryta.  To  ob- 
fam  part  mine  acirf,  therefore,  itdd  to  that  of  commerce  a  solution  of 
nitrate  of  stiver  as  long  as  it  produces  any  white  precipit;ite  ;  iiiid 
%hen  thi*  has  subsided,  pour  off  the  cle:ir  liqnor,  and  add,  in  tire 
*»me  way,  the  nilnitc  of  baryta  ;  then  distil  the  acid,  and  it  will  p:i3S 
Over  perfectly  pure.  For  pharm:icoutical  purpostsi,  the  ordinary  arid 
ta  Ecncrallv  ^ofliciently  pure.  If,  however,  pure  nitre,  and  pnre  sul- 
phuric acid  be  employed  in  its  production,  imd  the  latter  not  in  excess, 
there  is  little  apprehension  of  impurity  in  the  resniting  acid. 

The  nitric  acid  is  a  colourless  liquid,  extremely  sour  and  corrosive.  J^"ff"^ 
b-  ^iierific  fjravity  in  1.42  ;  it  alw.iys  contains  water,  which  modifies 
Hj  ypecili*'  gravity.     At  2.^1"  it  boils  and  distils  over  without  chimgc.  ^P-"^''"' 
Al — 40'  it  coni;eiils.     Et  absorbs  water  fi-om  the  air,  and  its  bulk  u 
l\in^  inrreased.  while  it^  specific  gravity  is  diminished.     It  is  usually 
I   tolf-:;red  by  nitrouN  acid  gas,  which  it  evolves  when  heated. 
t      i'V.  Nitric  ncid  in  its  dry  sIrIc,  that  is,  as  it  exists  combined  with 
I  kMallJc  oxides  in  the  salts  called  nitrtites,  may  be  regarded  as  com- 
I  p»*pil  of  one  proportional  of  nitro^n  =  14,  and  5  of  oxygen  ^=  48, 
)  nd  ibi*  will  ite  tlie  nymbol  representing  its  composition. 
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Nitrogen. 

Oxygen 
8. 

14 

8. 

8. 

• 

8. 

« 

8. 

►■ 
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Consequently,  the  representative  number  of  dry  nitric  acid  is  64. 
But  in  its  liquid  state  it  always  contains  water  ;  and  when  in  this  ita 
its  specific  gravity  is  1.5,  it  may  be  regarded  as  a  compound  of  0 
proportional  of  dry  acid  and  two  of  water,  which  may  be  namerical 
expressed  thus : 

Acid.         Water. 
54.    +   17  =  74.0  liquid  acid. 

279.  The  following  Table  drawn  up  by  Dr.  Ure,  exhibits  the  qua 
tity  of  real  acid  in  the  liquid  acid  of  different  densities  : — Quartet 
Journal,  iv.  297. 


UABtitf  cf 

111  acii. 


Spcific 

Acid  in 

Specific 

Acid  ID 

Sprrifie 

Acid  in 

Gravity. 

lUO. 

Gravity. 

1 

iOO. 

Oravitj. 

100. 

• 

1.5000 

79.700 

1.3783 

52602 

1.1833 

85.51  »4 

1.41)80 

78.903 

1.3733 

51.805 

1.1770 

84.707 

1.4900 

78.106 

1.3681 

51.068 

1.1709 

83.010 

1.4940 

77.309 

1.3630 

50.211 

1.1548 

83.113 

1.4910 

70.512 

1.3579 

49.414" 

1.1587 

88Jie 

1.4880* 

75.715 

1.3529 

48.617 

1.1586 

81.519 

1.48.S0 

74.918 

1.3477 

47.820 

1.1465 

8a7S8 

1.48120 

74.121 

1.3427 

47.023 

1.1403 

19.985 

1.4790 

73.324 

1..3376 

46.226 

1.1S45 

10188 

1.4760 

72527 

1.3323 

45  429 

1.1886 

48.SSI 

1.4730 

71.7.i0 

1.3270 

44.632 

1.1337 

17.534 

1.4700 

70.933 

1.3216 

43.8.35 

1.1168 

i6.rsr 

1.4670 

70.136 

1.3163 

43.038 

1.1109 

15.940 

1.4640 

69.3.39 

1.3110 

42.241 

11051 

15.143 

1.4600 

68  542 

1..3056 

4I.4U 

1.0993 

14.84S 

1.4570 

67.745 

13001 

40.647 

1.0935 

1S.549 

1.4530 

66948 

1.2947 

39  850 

1.0878 

18L758 

1.4500 

66.155 

1.2887 

39.053 

1.0821 

11.955 

1.4460 

65.354 

1.2826 

38.236 

1.0764 

11.158 

1.4424 

64.5.57 

1.2765 

37.459 

1.0708 

lassi 

14385 

63  760 

1.2705 

36.662 

1.0651 

9.564 

1.4346 

62.061 

1.26U 

35.865 

1.0395 

8.7S7 

1.43^>6 

62.166 

1.2583 

35.068 

1.0540 

7.970 

1.4259 

61.369 

1.2523 

34.271 

1.0185 

7.173 

1.42*28 

6*)  572 

1.2462 

33.474 

1.0430 

6.376 

1.4189 

59.775 

1.2402 

32.677 

1.0375 

5.579 

1.4147 

58.978 

1.2  Ul 

31.880 

1.0320 

4788 

1.4IU7 

58.181 

1.2277 

31.083 

l/>267 

3.9S5 

1.4065 

57.:i84 

1.2212 

30.286 

1.0212 

3.1S8 

1.4023 

56.587 

1.2148 

39.480 

1.0159 

8.391 

1.3978 

55.790 

1.2084 

38.698 

1.01U6 

1.594 

1.3945 

$4,993 

1.9019 

87.895 

1.0053 

a79r 

1.3888 

54.196 

1.1958 

87.098 

1.3833 

53.399 

1.1895 

86.301 

t^mt^m 

ti»ul 
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580.  Nitric  acid  may  be  decomposed  by  passing  its  vapoacthrougli  a 
red  hot  porcelain  tube  ;  oxygen  is  given  oflf,  nitrous  acid  gas  is  pro- 
doced,  and  a  quantity  of  diluted  acid  panes  over  into  the  receiver, 
haTiDg  escaped  decomposition  ;  so  that  it  is  thus  proved  to  consist  of 
utrou^  acid  gus ,  oxygen  and  water. 

For  experiments  of  this  kind  the  form  of  apparatus,  described  for 
the  decompof>itii>n  of  water  by  iron,  may  be  employed  (Sec.  237), 
OBiitiing  the  condensing  worm-pipe. 

The  nature  of  nitric  acid  was  first  synthetically  demonstrated  by 
Mr.  Cavendish,  who  passed  electric  sparks  through  a  portion  of  at-^f*^t?cln4. 
D'^epheric  air,  or  through  a  mixture  of  one  part  of  nitrogen  and  two 
cf  oxygen,  confined  over  mercury.  After  some  time  the  mixture  di- 
nmu-hed  in  bulk,  and,  on  admitting  a  little  water,  an  acid  solution  was 
obtained,  which  a£forded  cbr^'stals  of  nitre  when  saturated  with  po- 
t2»a. 

581.  ^'itrO'tnun'attc  Acid. — This  term  has  been  applied  to  the 
A^wa  Regia  of  the  alchemists.  When  nitric  and  muriatic  acids  are 
lixed,  they  become  yellow,  lind  acquire  the  power  of  readily  dis- 
f Giving  gold,  which  neither  of  the  acids  possessed  separately.  This 
nixture  evolves  chlorine,  a  partial  decomposition  of  both  acids  having 
taken  place,  and  water,  chlorine,  and  nitrous  acid  gas,  are  thus  pro- 
duced ;  that  is,  the  hydrogen  of  the  muriatic  acid  abstracts  oxygen 
from  the  nitric  to  form  water  :  The  result  most  be  chlorine  and  ni- 
trous acid. — Davt,  Journal  of  Science  and  the  ArtSy  Vol.  i.  p.  67. 

282.  ATitrogen  and  Chlorine, — Chloride  of  Nitrogen. — These  gases 
do  not  unite  directly^  but  the  compound  may  be  obtained  by  exposing 
a  solution  of  nitrate  or  muriate  of  ammonia  to  the  action  of  chlorine, 
at  a  temperature  of  60^  or  70^.  The  gas  is  absorbed,  and  an  Oil-like 
flcid,  heavier  than  water,  is  produced.  It  was  discovered  by  M.  Du- 
iooji:,  in  1812. — Annales  dc  Chimie,  Vol.  Ixxxv. 

The  simplest  mode  of  obtaining  this  compound,  consists  in  filling  a 
pertectly  clean  ghu^s  basin  with  a  ijolution  of  about  one  part  of  sal- 
ammoniac  in  twelve  of  water,  and  inverting  into  it  a  tall  jar  of 
chlorine.  The  saline  solution  is  gradually  absorbed  and  rises  into  the 
joT.  a  tilm  forms  upon  its  surface,  and  it  acquires  a  deep-yellow  co- 
Ijar:  at  length  «nuill  globules,  looking  like  yellow  oil,  collect  upon 
its  r^xface,  and  sjuccessively  fall  into  the  basin  benc<ath,  whence  they 
are  most  conveniently  removed  by  drawing  them  into  a  small  and  per- 
fectly clean  glass  syringe,  made  of  a  glass  tube  drawn  to  a  pointed 
orifice,  aiid  having  a  copper  wire  with  a  piece  of  clean  tow  wrapped 
round  it  for  a  piston  ;  in  this  way  a  globule  may  be  drawn  into  th*: 
«ibe,  and  transferred  to  any  other  vessel. 


Ui  specific  cravity  is  1.G5  ;  it  is  not  congealed  by  cold.  Us  odour 
I?  irritating  nml  peculiar ;  it  \ery  soon  evaporates  when  exposed  to 
^r.  This  substance  is  dangerously  explosive,  and  is  decomposed  with 
liolcnt  detonation  by  many  combustibles.  e::pecially  phosphoru*?,.  and 
&ied  oils. 
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In  making  these  experiments,  a  small  globule  of  the  com] 
about  the  sise  of  a  mustard-seed,  should  be  cautiously  transfei 
a  clean  porcelain  basin,  half  filled  with  water ;  a  yerj  small  p; 
phosphorus,  fixed  to  the  end  of  a  long  stick,  or  a  long  rod  w 
extremity  dipped  in  oil  may  be  then  brought  into  contact  wi 
globule,  which  instantly  explode?,  dispersing  the  water,  and  br 
the  basin.  At  160^  it  distils  without  change,  but  sttUi^  explode 
is  decomposed.  It  was  submitted  to  the  action  of  125  diA'erei 
stances,  by  Messrs.  Porret  and  Wilson,  of  which  the  following 
it  to  ezploide : 

Phosphorus. 

Phosphuret  of  lime. 

Caoutchouc. 

Myrrh. 

Psdm-oil. 

Wbale-oil. 

Linseed-oil.         ^ 

Olive-oil. 

Oil  of  turpentine. 

Naptha. 

Liquid  ammonia. 

Phosphuretted  hydrogen. 

Nitric  oxide. 

The  metals,  resins,  and  sugar  did  not  cause  it  to  explode.— N: 
soN^s  Jaumalj  Vol.  xxxiv. 

Alcohol  quietly  changes  it  into  a  white  substance.  Mercury  a 
compotition  ^^  chlorine  and  evolves  nitrogen.  It  yields,  by  decomposit 
•f  chloride  of  volume  of  uitrogeu  and  4  of  chlorine  ;  and  as  the  speciiic  grs 
nitrogen.       nitrogen  to  chlorine  is  as  14  to  36.0,  so  it  may  be  said  to  consi 

proportional  of  nitrogen  +  4  proportionals  of  chlorine,  or  14  H 
by  weight,  and  its  number  will  be  158. 


Nitrogen. 
14 

ChloriDe. 
36. 

36 

36 

36 

144 
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if  vipoart  it  k  probable  tlnftthe  five  TohnMt  of  aeri- 
or  wfaiehiftaffoidibydecompodtioD,  are  condensed  iato  one, 
iaconpoaition  by  maiciirj  is  not  attended  by  any  ehm^  of 

ffirogtm  €Md  Mme.— A  compound  of  these  bodies  may  be 
by  poaring  a  solution  of  ammonia  apon  a  very  small  quantity 
Hydiio&  acid  is  one  product,  and  the  other  a  brown  pow- 
k  detonates  open  the  slightest  touch,  and  is  resolved  into  ni* 
d  iodine.  It  may  be  collected  by  pouring  off  the  liquid,  and 
» while  moist,  in  small  parcels  upon  bibulous  paper,  where  it 
ufered  to  dry  spontaneou^.  When  it  detonates,  the  purple 
odine  are  perceptible,     mien  left  exposed  to  air  it  gradually 


Hirogtm  ami  Htfdrogen^^Ammoma';  or  VdMit  Mcaii^ 
impound  may  be  obtained  by  heating  a  mixture  of  tfmdMmt 
te  rfammomia.     Two  parts  of  dry  quicklime  and  one  of  mu- 
■DOBia  may  be  introduced  into  a  small  ^ass  retort,  and,  upon 
aition  of  a  gentle  heat,  the  gas  passes  OTor.     It  must  be  col- 
ir  mercury.     It  is  permanently  elastic  at  common  tempera- 
remely  pungent  and  acrid,  but  when  dUuted  by  mixture  with 
■r,  i^greeably  stimulant    It  conyerts  most  vegetable  bluea  to 
i  the  yellows  to  red,  properties  which  belong  to  the  bodies 
iIm.    Ammonia,  there£:>re,  has  been  termed  voUuiU  dUali. 
ecific  levity  to  h^rdn^n  is  as  8.5  to  1 ;  100  cubical  inches 'F||Biie 
18  grams.    It  extinguishes  flame,  but  forms  an  inflammable^^' 
Ml  coouBon  air  and  with  oxygen. 

^ater,  at  the  temperature  of  60'' ,  takes  up  670  times  iti  volome 
ia ;  its  bulk  is  increased,  and  its  specific  gravity  diminished : 
ftturated  solution  is  0.876,  water  being  1.000.  The  follow- 
shows  the  quantity  of  ammonia  in  solutions  of  different  spe- 
des.— Daw's  Chem,  Phii.  p.  268. 


f.Qt. 


Of  Amfflomm. 


Contain 


100  Parts  of  Sp.  Or. 


Contain 


32.60  9435  ^ 

29.25  9476 

26.00  9513 

25.37  9545 

22.07  9573 

19.54  9597 

17.52  9619 

,15.88  9692*, 

aal  state  in  which  ammonia  is  employed  is  in  solution,  both  in 
and  medicine.  This  solution  bears  the  name  of  Liquor  Am- 
the  London  Pharmacopcna,     It  mav  be  obtained  by  passing 

0  water  in  a  proper  apparatus  (253,)  or  by  distillidg  over  the 
gas  together.  ^ 
[lowing  process,  recommended  by  Mr.  R.  Philips,  answers  p 

1  9  ounces  of  well-burned  lime  pour  half  a  pint  of  water,  and  ^211* 
IS  remained  in  a  well -closed  vessel  for  about  an  hour,  add  12 


ft  gr.  ox.  =1,  that  of  ammoaia  will  be  0.531^;  this  multiplied  by  4  will  m 

•    =2. 125,  and  thi*  atom  is  jiMt  17  times  the  atom  of  h)  drojren^iaS;) 

marked  by  the  asterisk,  were  gained  by  McperiBMnta.  »•  othar  na^h 
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ounces  of  munate  of  ammonia  in  powder  and  three  pints  and  a  h 
boiling  water  ;  when  the  mixture  has  cooled^  pour  off  the  clear 
tion,  and  distil  from  a  retort  20  fluid  ounces.  The  specific  grav 
this  solution,  which  is  sufficiently  strong  for  most  purposes,  is  OA 
JUmarkt  on  London  Phartnacopaia,  p.  34. 

The  specific  gravity  of  the  officinal  solution  directed  in  the  Phi 
copauty  is  0.960. 

Liquid  ammonia  should  be  preserved  in  weU-stopped  glass  b< 
since  it  loses  anunonia  and  absorbs  carbonic  acid,  when  exposed  1 
When  heated  to  about  140^,  ammonia  is  rapidly  given  off  by  it ; 
concentrated  it  requires  to  be  cooled  to  —  40^  before  atcongeali 
then  it  is  apparently  inodorous. 

If  a  piece  of  ice  be  introduced  into  ajar  of  ammonia  standing  over  q 
silver,  it  melts  with  great  rapidity,  and  liquid  ammonia  is  produc 

286.  Dr.  Henry  {Phil.  Trans.  1809,)  first  observed  that  a  mi 
of  ammonia  and  oxygen  gas  might  be  fired  by  an  electric  spark 
this  property  furnishes  a  means  of  analyzing  the  idcaline  gas. 
tricity  also  decomposes  ammoniacal  gas.  If  a  succession  of  elec 
sparks  be  passed  through  a  small  portion  of  the  gas  confined  in  8 
per  tube  over  quicksilver,  it  will  increase  to  about  twice  its  or 
bulk,  and  lose  its  easy  solubility  in  water.  If  the  gas  thus  expand 
mixed  with  from  one-third  to  one-half  its  bulk  of  oxygen,  and  an 
trie  spark  passed  through  the  mixture,  an  explosion  takes  plac« 
tended  by  considerable  diminution.  Note  the  amount  of  the  du 
tion,  divide  it  by  3,  and  multiply  the  product  by  2.  The  result  f 
the  quantity  of  hydrogen.  Thus,  suppose  10  measures  of  amn 
expanded  by  electricity  to  18,  and  that,  after  adding  8  measni 
oxygen  gas,  we  find  the  whole  (=  26  measures,)  reduced  by  firi 
6  measures,  the  diminution  will  be  20.  Then  20  -^  3  s:  6.6 
6.66  X  2  3c  13.32  measures  of  hydrogen  gas  from  10  of  amm 
and  18— 13.32  =  4.68  for  the  nitrogen  gas  contained  in  the  prodi 
electrization.  Therefore,  10  measures  of  ammonia  have  been  dec 
ed  and  expanded  into 

13.32  measures  of  hydrogen  gas, 
4.68     -     -     -     -  nitrogen  gas. 

Heitrt's  Elements,  7th  edit.  Vol.  i.  p.  233. 

It  appears  probable  that  one  volume  of  ammonia  is  resolv< 
electric  decomposition  into  two  volumes  of  a  mixture  of  hydroge 
nitrogen,  consisting  of  three  volumes  of  hydrogen  and  one  volui 
nitrogen  ;  hence  the  following  symbols  will  represent  the  compos 
and  volume  of  ammonia : 


Nitrogen 
14 

Hydrogen 
1 

Hydrogen 

I 

Hydrogen 
1 

=  17 


Ammonia. 
17 
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Vben  ammonia  and  oxygen  are  detonated,  the  nitrogen  is  oitdized 

»  irell  ai  the  hydrogen ;  hence,  if  excess  of  oxy^n  be  used,  the 

viiole  of  the  ammonia  disappears,  and  nitrate  of  ammonia  is  formed. 

Ammoaia  is  decomposed  by  passing  it  through  a  red-hot  iron  tube ; 

itsoftn  expansion,  and  is  resolved  into  hydrogen  and  nitrogen  gases, 

fmuBhiDg  a  singular  instance  of  change  of  properties  in  consequence 

of  chemical  combination,    a  is  a  bladder  filled  with  ammonia  which 

iiiiy  be  passed  through  the  iron  tube  6,  placed  in  the  furnace  c ;  the 

gas  is  decomposed,  and  hydrogen  and  nitrogen  may  be  collected  over 

the  water  in  d. 


Ammonia  is  also  decomposed  when  passed  over  black  oxide  of  man- 
ganese, heated  red-hot  in  a  porcelain  tube  ;  the  results  are  water  and 
nitrous  acid  gas ;  nitrate  of  ammonia  is  also  oilen  formed. 

287.  Ammonia  is  produced  S3mthetically  during  the  decomposition ^^^^ 
of  many  animal  substances  ;  it  is  also  formed  during  the  violent  action  ^^"^** 
of  nitric  acid  upon  some  of  the  metal*  ;  and  by  moistened  iron-filings 
exposed  to  an  atmosphere  of  nitrogen ;   in  these  cases  the  nascent 
gases  unite  so  as  to  form  a  portion  of  ammonia. 

288.  Ammonia  combines  with  the  acids,  and  produces  a  class  of^ . 

salts  which,  with  very  few  exceptions,  are  soluble  in  water,  and  which  ofa.     """^ 
evoWe  ihe  odour  of  anmionia  when  mixed  with  lime  or  with  pure  po- 
tassa.     These  salts  are,  for  the  most  part,  entirely  dissipated,  and, 
generally  speaking,  decomposed  by  heat. 

289.  Ammonia  and  Chloric  Acid — Chlorate  of  Ammonia  is  formed 
by  saturating  chloric  acid  with  carbonate  of  ammonia.  It  forms  very 
soluble  acicular  crystals,  of  a  sharp  taste,  which  detonate  when 
thrown  upon  hot  coals.  It  probably  consists  of  1  proportional  of  each 
of  its?  components,  or  17  ammonia -f  76  chloric  acid. 

290.  lodatt  of  Ammonia  forms  small  indeterminate  crystals  ;  when 
heated  they  are  decomposed  into  oxygen,  nitrogen,  water,  and  iodine. 
Their  composition  has  not  been  ascertained. 

291.  Annttumia  and  Chlorine. — When  these  gases  are  mixed,  a  par- 
tial decomposition  of  the  former  ensues.  On  mixing  15  parts  of 
chlorine  and  40  of  ammonia,  6  parts  of  nitrogen  are  liberated,  and 
muriate  of  ammonia  is  formed.  If  the  gases  be  perfectly  dry,  con- 
Mderable  heat  is  evolved,  and  a  flame  is  perceived  to  traverse  the 
vessel  in  which  the  experiment  is  made. 

292.  Ammonia  and  Muriatic  Acid — Muriate  of  Ammonia — Sa'«^^- Muriate  of  am- 
/nontax— This  salt  may  be  produced  directly  by  mixing  equal  volumes  monia. 

of  ammonia  and  muriatic  acid,  when  an  entire  condensation  ensues. 

The  speci6c  gravity  of  ammonia  to  muriatic  acid  is  as  8.5  to  18.5  ; 
therefore  muriate  of  ammonia  consists  of  18.5  muriatic  acid +  8.5 

ammooia. 


91':^->-i^ 


M 
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Native. 


Ammonia 
8.5 


Muriatic  Acid. 
18.5 


=  27,. 


Muriate  of  ammonia  was  formerly  imported  from  Egypt,  w 
was  obtained  by  burning  the  dung  of  camels  ;  it  is  now  abundant 
pared  on  the  Continent  and  in  this  country.  Its  preparation  y 
hereafter  described.  When  obtained  by  evaporation  from  its  s 
in  water,  it  forms  octoedral,  prismatic,  and  plumose  crystals ; 
commerce,  it  usually  occurs,  as  procured  by  subhmation,  in 
cakes,  hard,  and  somewhat  elastic,  and  in  this  compact  state  it  n 
for  solution  3.26  parts  of  water  at  eo**.  When  heated  it  si 
without  decomposition  in  the  form  of  white  vapour.  Its  s 
gravity  composed  with  water  is  =  1.45  (Dr.  Watson.) 

Sal-ammoniac  is  used  in  the  arts  for  a  variety  of  purposes,  es 
ly  in  ceftain  metallurgic  operations.  It  is  used  in  tinning,  to  [ 
the  oxidation  of  the  surface  of  copper ;  and  small  quantities  ai 
sumed  by  dyers.  Dissolved  in  nitric  acid,  it  forms  the  aqua  r 
commerce,  used  for  dissolving  gold,  instead  of  a  mixture  of  nit 
muriatic  acids  (281). 

293.  Native  Muriate  of  Ammonia  ocr.urs  massive  and  crystalli 
the  vicinity  of  volcanoes,  and  in  the  cracks  «qd  pores  of  lava  nes 
craters.     It  has  thus  been  found  at  Etna,  and  at  Vesuvius,  in  th< 
terra  near  Naples,  and  in  some  of  the  Tuscan  Lakes.     An  cfSorc 
of  native  sal-ammoniac  is  sometimes  seen  upon  pit-coal.     Iir 
varies  from  the  admixture  of  foreign  matter,  and  it  is  frequent 
low  from  the  presence  of  sulphur.     It  is  said  that  considerabl 
tities  of  native  sal-ammoniac  are  also  found  in  the  country  of 
ria,  where  it  occurs  with  sulphur  in  rocks  of  indurated  clay, 
ancients  according  to  Pliny,  called  this  salt  ammoniac ^  because 
found  near  the. temple  of  Jupiter  Ammon,  in  Africa. 
Hyariodfttcof     294.  Hydriodate  of  Ammonia, — In  a  former  paragraph  (2f 
action  of  iodine  on  ammonia  has  been  stated  to  produce  a  portior 
driodate  of  ammonia  :  tliis  compound  may  be  directly  formed  1 
ing  equal  volumes  of  hydriodic  and  ammoniacal  gases  ;  or  by  sat 
liquid  hydriodic  acid  by  carbonate  of  ammonia  ;  it  forms  very 
and  deliquescent  cubic  crystils,  volatile  in  close  vessels  without 
position. — Gav-Li\ssac,  .^nna/c*  deChim.  xci. 

295.  Ammonia  and  Nitric  Acid — Nitrate  of  Ammonia. — This  s 
be  procured  by  the  direct  union  of  ammonia  with  nitric  acid  ;  c 
easily,  by  saturating;  dilute  nitric  acid  with  carbonate  of  ammoi 
Spe«ificjT»Ti- bas  been  mcntion'^d  as  the  source  of  nitrous  oxide,  and  when  h( 
•y-  entirely  resolvcil  into  that  gas  and  water.     ♦  It  consists  of  one  | 

tional  of  nitric  acid  =  54  +  one  proportional  of  ammonia  = 
therefore  the  representative  number  of  nitrate  of  ammonia  is  7 
it  may  be  considorod  as  containing  two  proportionals  of  nitrogen 
of  hydrogen,  and  five  of  oxygen,  as  the  following  symbols  show 


•mmooia. 


Kitrate  of  ani 
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•Its 


grari^  compared  with  water,  is  1.5785.    (Fouicroy). 
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64. 


Ammoiiia. 

17. 


nCragcii 
14 


Oivgeo 


8. 


8. 


Nitrogen 
14 

Hydrogen 
1 

1 

1 

Nitroos  oxide  consists  of  1  proportional  of  nitrogen  =  14^  1  of 
oiygen  =:  8 ;  hence  the  2  proportionals  of  nitrogen  in  the  salt  ( 1  in  the 
acid  and  1  in  the  ammonia,)  will  require  2  of  oxygen  to  produce  nitrou? 
oiide,  and  the  remaining  3  of  oxygen  will  unite  to  the  3  of  hydrogen, 
and  fima  water  ;  and  accordingly  nitrous  oxide  and  water  are  the  only 
pofliiUe  results  ;  so  that  the  elements  after  the  decomposition  of  the 
salt,  are  arranged  thus  : 

Thrac  proftortioiwli  of  Water. 


Tw 


of  ITitrDUi  Oxidr. 


fTitrognn 
14 

Oxvf!;ea 
8 

14 

8. 

Hydrogen 
1 

OxvK«n 
8." 

1 

8. 

1 

8 

Nitrate  of  ammonia  has  long  been  known,  and  was  formerly  called  p^  ^^^  ^^ 
XiirMmJIamrnafU.  It  differs  in  form  according  to  the  manner  in  which  water. 
Its  !*olation  has  been  evaponited  ;  if  at  a  temperature  below  100*',  its 
cnrtJil*  are  six-sided  prisms  terminated  by  six-sided  pyramids  ;  if  boil- 
ed down  its  crystils  are  thin  and  fibrous  :  it  is  deliquescent,  and  solu- 
ble in  twice  its  weight  of  water  at  60^,  and  in  its  own  weight  at  212^. 
lu  t*ite  i««  acrid  and  bitter.  It  contains  different  proportions  of  water 
ot  cryi^tallization  ;  according  to  Berzelius,  the  prUmaUc  variety  affords 
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11.239  per  cent,  (tin  Jhuo/m  dt  Ckimie.)  According  to  Davy.  I 
6brouB  variety  contains  G.2  per  r«nl. ;  and  the  compact,  obtained  I 
eriiporiiting  the  solution  till  it  concretes,  6.7  per  cent,  of  water  of  cij 
tallization. — Daw's  Rettarckts,  p.  71. 

S94.  Almoipktric  Air. — The  composition  of  almo^pherii 
been  frequently  alluded  to  in  tlie  preceding  pages,  and  as  the  etud^ 
'  is  non  acquainted  with  iLi  essential  component  part/j.  nameljr,  oxyaT 
and  nitrogen,  it  ma;  be  right  to  consider  its  properties  more  at  lend 

The  atmosphere  is  a  thin,  tnmsparent,  invisible,  nnd  elastic  fl^ 
which  surrounds  our  planet  and  reaches  to  a  coDsiderable  height  al 
its  Mirface,  probably  about  40  miles.  ' 

That  air  is  a  ponderous  body,  was  first  suspected  by  Galileo,  who 
found  thai  a  copper  ball,  in  which  the  air  had  been  condensed,  weigh- 
ed heavier  than  when  the  air  was  in  its  ordinary  state  of  tension. 
The  fact  was  aAerwards  demonatraled  by  Torricelli,  whose  attentira 
was  drawn  to  the  subject  by  the  attempt  of  a  weli-digger  at  Florence, 
to  raise  water  by  a  sucking-pump  to  a  height  exceeding  33  feet.  Il 
was  then  found  that  the  pressure  of  the  atmosphere,  and  not  nature 'a 
abhorrence  of  a  vacuum,  was  the  cause  of  the  ascent  of  the  water  hi 
the  pump-pipe,  and  that  a  column  of  about  the  height  mentioned  was 
sufficient  to  equipoise  the  atmosphere. 

In  1643,  TorricelU  filled  a  glass  tube,  three  feet  long  and  closed  it 
one  end,  with  quicksilver,  and  inverted  it  in  n  basin  of  the  same  fluid  i 
he  found  that  the  mercury  fell  about  six  inches,  so  that  the  atmosphere 
appeared  capiible  of  counterbalancing  a  colamn  of  mercury  30  inches 
in  height.  The  empty  space,  in  the  upper  part  of  Ihe  tube,  has  hence 
been  called  the  ToTTictUian  pociium,  and  is  the  most  perfect  that  cm 
be  formed. 

Paschal  ud  Torricelli  afterwards  observed,  thai  upon  ascendin);  a 
mountain,  the  quicksilver  fell  in  the  tube,  because  there  was  les^  air 
iibove  to  press  upon  the  surface  of  the  metal  in  the  basin  ;  and  Ihiu  > 
method  ofmeasuringthe  heights  of  mountains  by  the  haromeUr,  us  the 
instrument  is  now  called,  was  devised.  Sir  Henry  Englefield  has  con- 
Btrncted  a  barometer,  expressly  for  these  investigations,  the  mode  of 
using  which  is  described  in  the  Journal  of  Science  and  the  .1rl»,  Vol.  r. 
p.  229. 

The  barometer  indicates,  by  its  rise  and  iail,  a  corresponding  change 
in  the  density  of  the  atmosphere.  At  the  surface  of  the  earth  the  mean 
density  or  pressure  is  considered  equal  to  the  support  of  a  column  of 
quicksilver  30  inches  high. 


At  1000  feet  above  the  surface  the  column  falls  to  28.91 

2000 27,86 

3000  26.85 

4000  25,87 

6000 24.98 

1  Mile   24.67 

2  20.29 

3 16.68 

4  ,  .  .  . 13.72 

6  11.28 

10 4.24 

16 l.GO 

20 0.96 
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the  tube  and  basin,  but  will  always  indicate  a  degree  of  pressure,  »ii 
shown  by  the  small  syphon  gauge  at  t;  and  if  a  tube  3  feet  longhafeib; 
upper  end  opening  into  the  receiver,  and  its  lower  end  plunged  intoi! 
bason  of  mercury,  the  mercury  will  never  rise  so  high  as  in  the  cq»' 
mon  barometer,  where  the  vacuum  above  it  is  perfect,  but  will  iiidiG# 
the  pressure  of  a  remnant  of  air  in  the  receiver.  The  syphon  gn|^ 
and  the  barometer  as  applied  at  k,  are  very  useful  appendages  to  tk 
air-pump,  as  showing  the  degree  of  exhaustion,  and  its  permanenee. 

The  operation  of  the  pump  in  removing  air,  and  the  mechanicil 
properties  of  the  atmosphere,  may  be  shown  by  a  variety  of  exp» 
ments.  Its  pressure  is  illustrated  by  the  force  with  which  tlie  bell-|^ 
is  pressed  down  upon  the  plate  of  the  pump  ;  the  absence  of  its  biMj* 
ancy,  by  the  descent  of  a  guinea  and  a  feather  at  the  same  time  in  the 
exhausted  receiver  ;  and  by  the  preponderance  of  the  larger  of  tmi 
bodies  which  balance  each  other  in  the  open  air.  The  want  of  letii- 
tance  in  the  exhausted  receiver  is  also  shown  by  the  equal  daration  d 
the  motion  of  two  fly  wheels,  with  their  plates  placed  in  different  di- 
rections. 

296.  The  specific  gravity  of  atmospheric  air,  at  mean  temperilnve 
and  pressure,  that  is,  the  thermometer  being  at  GO**,  and  the  baroBh 
eter  at  30  inches,  is  usually  considered  as  =  1.  It  is  about  828.69 
times  as  light  as  its  bulk  of  water,  100  cubical  inches  weiring  30^ 
grains. 

For  ascertaining  the  specific  gravity  of  gaseous  bo- 
dies, a  good  air-pump  is  essentially  requisite ;  a  light 
glass  balloon  or  flask  b ;  and  a  graduated  air-jar  a, 
each  supplied  with  stopcocks,  are  also  required. 

Dr.  Henry,  in  his  excellent  Elements  of  Chemistry^ 
(Vol.  i.  p.  126,)  has  given  the  following  directions  for 
proceeding  to  estimate  the  specific  gravity  of  gases, 
which  can  scarcely  be  improved  upon ;  it  only  re- 
quires to  be  observed,  that  the  gases  should,  in  general, 
be  retained  and  collected  over  mercury,  and  care- 
fully dried  by  exposing  them  to  proper  substances  for 
absorbing  the  moisture  which  they  hold  in  solution, 
and  which  would  materially  affect  the  accuracy  of  the 
result ;  or  they  should  be  taken  saturated  with  mois- 
ture, and  a  deduction  aflerwards  made  for  the  weight 
of  the  vapour  contained  in  a  given  bulk  of  the  gas. 

Supposing  the  receiver  a  to  be  filled  with  any  gas,  the  weight  of 
which  is  to  be  ascertained,  we  screw  the  cock  of  the  vessel  6  on  the 
plate  of  an  air-pump,  and  exhaust  it  as  completely  as  possible.  The 
weight  of  the  exhausted  vessel  is  then  very  accurately  taken,  even  to 
a  small  fraction  of  a  grain  ;  and  it  is  screwed  upon  the  air-cock  of  the 
receiver  a.  On  opening  both  cocks,  the  last  of  which  should  be  tum- 
"  ^  very  gradually,  the  gas  ascends  from  the  vessel  a  ;  and  the  quan* 
tity  which  enters  into  the  flask,  is  known  by  the  graduated  scale  on  a. 
On  weighing  the  vessel  a  second  time,  we  ascertain  how  many  grains 
have  been  admitted.  If  we  have  operated  on  common  air,  we  shall 
find  its  weight  to  be  at  the  rate  of  30.6  grains  to  100  cubical  inches. 
The  same  quantity  of  oxygen  fss  will  weq^  33.76  grain«>  and  of  car- 
bonic  acid  gn  46.67  graw. 
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h  eip^rimentfl  of  this  kind  it  is  necessary  either  to  operate  with 
tkt  barometer  at  30  inches,  and  the  thermometer  at  60*  Fahrenheit, 
'  or  to  retee  the  Tolume  of  gas  employed  to  that  pressure  and  tempera- 
tare,  by  rules  which  are  given  in  the  note*.  Great  care  is  to  be  ta- 
ken, also,  not  to  warm  any  of  the  vessels  by  contact  with  the  hands, 
im  which  they  should  be  defended  by  a  glove.  On  opening  the  com- 
BOBicatioD  between  the  receiver  and  the  exhausted  vessel,  if  any 
virter  be  loNdged  in  the  air-cock  attached  to  the  former,  it  will  be  forci- 
Uf  driven  into  the  latter,  and  the  experiment  will  be  frustrated.   This 

a  be  ivoided  by  using  great  care  in  filling  the  receiver  with  water, 
«  passing  into  it  the  gas  under  examination. 


*  Enlafir  ftimeiRg  the  Volume  <if  Caaea  to  a  mean  Height  of  tfie  Barometer,  and  mean 

Ihnperaiure. 

i.  Rrvm  ike  rpatx  occupied  by  any  quantity  of  gae  vnder  an  observed  degree  ^fpreagurt, 
tev^tr  lehai  iU  voiume  wmdd  be  tatder  the  mean  height  of  the  barometer,  taking thia  at  30 
ncbt,  at  if  now  moat  wual. 

Tfais  »  done  fay  the  rule  of  profX>r(ioD ;  for,  as  the  mean  height  is  to  the  observed  hei^it, 
niilfae  obierrc^  volmne  to  the  voluaic  requiwd.    For  example,  if  wc  wish  to  know  what 

re  would  be  filled,  under  a  prceaure  of  30  inches  of  mercni^,  by  a  quantity  of  gi^,  which 
100  kichet,  wiien  (be  barcmeter  is  at  29  inches. 

30  :  29  : :  100  :  96.66. 
The  100  indws  woold,  thevelbre,  be  reduced  to  96.66. 

li.  7b  eatimaie  lekai  would  be  the  volume  qf  a  portion  of  gas,  if  brought  to  the  tewtpera- 
tMnifeO^  fykrenkeiL 

Dinia  the  whole  qaanlitj  of  eaa  by  480;  the  quotient  will  show  the  amount  of  its  ex- 
.  pmiao  or  cootnction  by  each  a^srec  of  Fahrpnlu-it*s  thnrmnmctLT.  Multiply  this  by  tlie 
MHber  of  dmees,  which  the  ns  excMrts,  or  fulls  below  60*.  If  the  temperature  of  the 
t»  bt  abov«  60*,  subtiact,  or  it  bekm  60*,  add,  tlic  product  to  the  absolute  quantity  of  gas , 
■d  the  remainder  in  the  firat  caae,  or  siun  in  ibe  snccMid,  will  be  the  answer.  Thus,  to  find 
wiat  ifMce  100  cubic  inches  of  gas  at  HO"  would  occupy  if  raiwd  to  CO*,  divide  KH)  by  4S0  i 
6e  qoolient  0.208  multiplied  by  10  gives  -2.0»,  which  added  to  100  gives  102.0».  t»)c  answer 
tctfured.  If  the  temperature  had  bven  70*,  and  wc  had  wished  to  know  the  volume  which 
ibejTU  would  have  occuped  at  60*,  the  same  number  2.08  must  Iiave  been  subtracted  from 
ltt^  and  97.92  would  have  been  the  answer. 

iiL  In  some  cases,  it  is  necessary  to  make  a  double  corrrrtion,  or  to  bring  the  gat  to  a  mean. 
M*  of  the  barometer  and  thermometer.  Wc  must  thrn  first  correct  llie.  tciiipratiirc,  iind 
»Apnraid9  the  pre^sun-.  Thus,  to  know  what  space  ICK)  in<  hcs  of  gas  at  70*»  Fahn  iihcit, 
sad  2**  inches  barometer,  would  fill  at  60*  Fahrenheit  and  30  indies  ban»mcU»r,  we  fii-sl  re- 
dscv  the  100  inches,  hj  the  second  process,  to  97.92.    Then  by  the  first, 

30  :  29  :  :  97.92  :  94.63. 
Or  100  inches  thus  corrected,  would  be  only  94.G3. 

iv.  To  aaeertaijn  what  would  be  the  abaoiutf  weight  of  a  given  volume  of  gan  at  a  mean 
fm^erat^retfrom  the  known  weight  of  an  e^val  volume  at  any  oilier  temperature :  first,  find 
by  die  seoona  ^ 
comdednuk 

if  wc  hwtt  100  cnbic  inches  of  gas  weig^ng  50  grains) 
wera  ziMcd  to  60*  tiiey  would  expand  to  102  08.     A  nd 

102.08  :  .M)  :  :  100  :  49. 
Thoefbie  100  inches  of  the  same  gas  at  60*  would  weigh  49  grains. 

F.  7b  Imm  the  absolute  weight  <f  a  given  volume  qf  gas  vnder  a  mean  preaaifre,  from 
its  kmomn  vteight  under  an  obaerved  presaure,  say  as  the  obscrvod  pressure  is  to  the  nK>aii 
pn.5<4ire,  bo  is  the  observed  weight  to  the  correi'tcd  weight.  For  example,  havine:  100  iu- 
e  hrf>  nf  gas  which  weigh  50  mins  under  a  pressure  of  29  inches,  to  know  what  100  inches  ol' 
th*  eame  ns  would  weigh,  the  barometer  U.ing  :)0  inches, 

29  :  30  :  :  50  :  51.72. 
Then  100  iache«of  the  same  gas,  under  30  inches*  pressure,  would  weigh  .11.72  grains. 

ri  In  some  cases  it  is  necessarj'  to  combine  the  two  last  calrnlations.  Tlius,  if  HW)  in- 
'•l»5  of  jras  at  50*  Fahrenheit,  ancl  under  29  iwhcs'  pn'ssure,  weitjh  50  grttitis  to  find  what 
woaldbe  the  w^-ijght  of  100  inches  at  60*  Fahrenheit,  and  under  30  inches  of  the  barometer, 
^r^  ccncct  the  temperature,  which  reducos  the  weight  to  49  grains.     Then, 

29  :  30  :  :  49  :  50.7. 
iWliihef,  tbercione,  woold  weigh  507 grainy 


process  what  woula  be  its  bulk  at  a  m«>an  tempo rsiture;  and  then  say,  as  the- 
:  18  ID  the  actual  weight,  so  is  the  ol>8erved  bulk  to  the  number  n^quired.  I'hii-:, 
0  cnbic  inches  of  gas  weiriiing  50  grains  at  50*  Fahrenlicit,  if  the  temi)crulure 
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The  specific  gravity  of  any  gas  compared  with  common  air  is  readily^ 
known,  when  we  have  once  determined  its  absolute  wei^t.  Tfani^'  \ 
if  100  cubic  inches  of  air  weigh  30.5  grains,  and  the  same  quantitf  tf  j 
oxygen  gas  weigh  33.88  grains,  we  say,  ''i 

30.  6:33.88::  1.000:1.1111.  .      .  ""  t 

The  specific  gravity  of  oxygen  gas,  compared  with  atmospheric  aiTt  - 
will,  therefore,  be  as  1. II 1 1  to  1.000. 

We  may  determine,  also,  the  specific  gravity  of  gases  more  eimplylij 
weighing  the  flask,  first  when  full  of  common  air,  and  again  when  exr 
hausted  ;  and  afterwards  by  admitting  into  it  as  much  of  the  gas  under  _ 
examination  as  it  will  receive,  and  weighing  it  a  third  time.     Now  9S* 
the  loss  between  the  first  and  second  weighing  is  to  the  gain  of  we^ft' 
on  admitting  the  gas,  so  is  common  air  to  the  gas  whose  specific  gnm^ 
we  are  estimating.     Supposing,  for  example,  that  by  exhaostipg  tM  , 
flask  it  loses  30.19  grains,  and  that  by  admitting  carbonic  acid  it  gaini  . 
46.67 ;  then  •         ! 

30.6  :  46.67  :  :  1.000 :  1.627.  .  | 

The  specific  gravity  of  carbonic  acid  is  therefore  1.627,  air  being  taken  ] 
at  1 .000.  And  knowing  its  specific  gravity,  we  can,  without  any  fir-  • 
ther  experiment,  determine  the  weight  of  100  cubic  inches  ofcaAotidi 
acid  ;  for,  as  the  specific  gravity  of  air  is  to  that  of  carbonic  acid,  aoia  i 
30.6  to  the  number  required  ;  or 

1.000:1.527:  :  30  6  :  46.67.  • 

100  cubic  inches,  therefore,  of  carbonic  acid  will  weigh  46.57  graiap*.i 

Assuming  atmospheric  air  at  30  inches  barometrical  pressare,  ittl  J 
60^  temperature  =  1,  the  following  Table  exhibits  a  series  of  ciNnpa^ 
rative  specific  gravities  ;  the  First  column  shows  the  results  of  e^poi-'^ 
ments  chiefly  made  at  the  Royal  Institution  :  The  Second  contains  AiJ 
weight  of  100  cubic  inches,  calculated  from  the  preceding  colnnm :  tie*] 
Third,  specific  gravities  upon  other  authorities  ;  and  the  Fourth  COBK'; 
tains  some  calculated  results  obtained  by  M.  Gay-Lussac  ;  and  o1 
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>.-*  \.^nv*ai:cr.c  jrr  his  already  been  stated  to  consist  e 
~  V.r. .--  -  ,1  .  \"  ^-T'l  ^:v:  iicr?c«a  ffc^e$  :  but  whether  it  should  be  con 
—  2it:  .-^  ni.vTAr^  ]c  I  :::«3iicai  compouDd  seems  a  question  not ' 

'/V^-v  L"*f  ■':r.:-i*  wavs  of  learning  the  proportion  which 
^ti  >«ti^  '.;  .2'f  z.m>een ;  and  as  the  relative  fitness  of  tl 
?i^.  :l:>i.t^  1.1:^  <M;x<dnies  been  considered  as  depending  upon 
'ji%  H  !\-'-^'z  CvVicained  in  a  given  volume,  the  instrument 
i^:*;-?*.  ^wt^r'-^-^n:*  have  been  called  eudiometers. 

i-*c.   y-  .*2i  u^:i#  already  stated  it  is  obvious,  that  if  atmosp 
■m.v.'u  ** -".1 .1  ceruiin  quantity  of  hydrogen,  be  detonated  by 
.  'K'  ?i.'a-^     i3o  lii.)  the  absorption  will  be  proportionate  to 
v"^  .'t  oxvsen  present. 

^^  ?.en  l\^^  nioiisures  of  pure  hydrogen  are  mixed  with  10 

/^>'^:k  the  diminution  of  bulk  afler  detonation  will  amoui 

'(Mrc«.  ihut  is.  one  volume  of  oxygen  requires  for  its  saturat 

b \  J  rv^" n .     1  f  we  introduce  into  the  graduated  detonating  tab 

^L'-O  SK\^sure<  of  common  air,  and  200  of  pure  hydrogen,  thei 

nw.:\  .u:cr  detonation  305  measures;  so  that  196  measures 

tV.s^rpo  ired.  of  which  one-third  may  be  estimated  as  pure 

ht"".ve  ?iX^  parts  of  air  have  thus  lost  66  of  oxygen,  or  about  2 

The  general  rule,  therefore,  for  estimating  the  purity  of  i 

»^r\>jTn  gas  may  be  stated  as  follows  : — Add  to  3  measures 

iMidor  examination  2  measures  of  pure  hydrogen  ;  detoo 

whon  the  vessel  has  cooled,  observe  the  absorption  ;  divide  J 

by  ^y  and  the  quotient  is  the  quantity  of  oxygen. 

'  Upon  the  same  principle,  detonation  of  mixtures  of  oxygc 

drogen  is  often  resorted  to,  with  a  view  of  ascertaining  the 

those  gases.     Thus,  suppose  100  measures  of  oxygen,  and  . 

drogen,  to  be  reduced  by  detonation  to  130,  the  whole  dimit 

be  =270,  which,  divided  by  3,  pves  90  for  the  quantity  of  o 

that  it  contained   10p«r  cent,  of  some  gas,  not  condensible  1 

(ion  with  hydrogen. 

To  ascertain  the  purity  of  hydrogen,  it  may  be  detonatci 
cess  of  pure  oxygen.  Thus,  if  we  add  100  of  pure  oxygen 
hydrogen,  and  detonate,  there  will  be  a  diminution  equal  to  t 
or  1 60  parts  if  the  hydrogen  be  pure.  If,  however,  we  su 
of  pure  oxygen,  mixed  with  100  of  hydrogen,  to  produce,  i 
nation,  a  residue  of  80  measures  ;  the  diminution  will  then  1 
only  120  measures,  of  which  two-thirds,  or  80  measures,  8 
i;;«Mi ;  so  tliat  the  inflammable  gas  will  have  contained  20  pi 
MMUO  other  gaseous  body,  not  condensible  by  detonation  w 

\  his  mode  of  ascertaining  the  purity  of  atmospheric  air  w^ 

: -oKcd  to  by  Volta,  and  it  is  susceptible  of  great  accuracy, « 

^\ dromon  and  pure  oxygen  arc  easily  procured.  An  imprc 
KiiiiVl  tube  for  these  purposes  has  been  described  by  M.Ga 
AH^^uts  tir  Chhn.  et  Phys.  IV.  188. 

.AV,  *^*''**^^*Jp,  in  his  eudiometrical  experiments,  employed 
♦.*  >a:iiam,  (66GJ  the  solution  of  which  rapidly  absorbs  oxygc 
>ir  ^o«ui  bv  agitating  it  with  some  atmospheric  air  in  agradi; 
vi^f'     In  this  experiment  the  nitrogen  remains  unaltered. 


»*  ■»  *■ 
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\  teit  iMtfuaentg  for  these  ezperi* 
are  the  eudtometric  tubes  of  Dr. 
(Nicholson's  Joiima/,  Vol.  iy.) 
T.  Henry  (£/«m«nt»,  Vol.  i.  p. 
M  represented  in  the  marginal 
Bti.  The  former  consists  of  a 
Krttle*  holding  about  three  ounces, 
hich  the  graduated  glass  tube  a  is 
lly  fitted  by  grinding.  It  also  has 
10^  stopper  at  h.  To  use  it,  the 
\  filled  with  the  solution  of  the  al- 
nilphuret,  and  the  tube  a,  contain- 
•ir  to  be  examined,  fitted  into  its 

After  inverting  and  agitating  the 
lent,  the  stopper  6  may  be  opened  under  water,  and  the  ab- 
a  is  shown  by  the  rise  of  the  fluid  in  the  tube.  For  the  glass 
[>r.  Hpnry  mibstituted  the  elastic  gum  bottle  6,  in  the  neck  of 
a  short  piece  of  glass  tube  is  secured,  into  which  the  tube  a  is 
7  grinding. 

be  Pkiliuophical  TrafuaciioM  for  1807,  Mr.  Pepys  has  describ-  of  p^pyt. 
■odification  of  this  Eudiometer,  which  may  be  often  advanta- 
r  employed  in  delicate  experiments,  and  by  which  an  absorption 
y^TY  part  of  the  gas  under  examination  may  be  measured. 
When  nitric  Gside  gas  and  atmospheric  air  are  mixed,  there  is  of  PneitiVr. 
iction  of  nitrous  acid,  in  consequence  of  the  union  of  oxygen 
e  oxide  (273)  ;  and  if  the  mixture  be  made  over  water,  an  ah* 
n  proportional  to  the  quantity  of  nitrous  acid  formed  ensues, 
bis  principle  nitric  oxide  may  be  used  in  eudiometrical  experi- 
and,  if  proper  precautions  be  attended  to,  it  furnishes  tolera- 
urate  results.  Dr.  Priestley  and  Mr.  Cavendish  {^Phil.  Trans, 
availed  themselves  of  this  mode,  and  Mr.  Dalton  has  offered 
■emarks  upon  its  relative  accuracy  (^Phil,  Mag,  Vol.  xxviii.) 
Mt  certain  results  are  obtained  by  adding  to  100  parts  of  the  at- 
iric  air,  previously  introduced  into  a  small  beer  glass,  an  equal 
of  nitric  oxide  gas.  The  mixture  may  be  gently  agitated,  and 
mr  three  minutes,  carefully  decanted  into  a  graduated  tube,  when 
9e  found  that  84  measures  have  disappeared ;  of  which  one- 
or  21  measures,  are  oxygen. 

1.  Davy  sugi^sted  the  use  of  a  solution  of  sulphate  of  iron,  im-ef  pavy. 
ted  with  nitric  oxide  gas,  for  the  absorption  of  oxygen  ;  it  may 
iloyed  in  the  same  way  a^  the  alcaline  sulphuret  (300.) 

If  a  stick  of  phosphorus  be  confined  in  a  portion  of  atmospher- 
L  will  slowly  absorb  the  oxygen  present.  The  rapid  combustion 
same  substance  may  also  be  conveniently 
d  to.  For  this  purpose  a  small  piece  of 
lOTUS  may  be  introduced  into  the  bulb  of 
«  a,  containing  a  given  measure  of  the  air 
xamined,  contiiied  over  mercury,  which, 
^€ot  loss  by  expansion,  should  be  sufiercd 
ipy  about  half  the  tube,  or  to  stand  at  6. 
hosphorus  may  then  be  intlamed  in  the 
and  when  the  combustion  is  over,  and  the 
>ld,  the  residuary  air  may  be  transferred 
isurement.  These  eudiometrical  methods 
ised  by  Lavoisier,  Bertholict,  and  Seguin 
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297.  Atmospheric  air  has  already  been  stated  to  consist 
S^aTmoipLeric  of  oxygen  and  nitrogen  gases ;  but  whether  it  should  be  cc 
^'            mere  mixture  or  a  chemical  compound  seems  a  question  no* 

cided. 

There  are  various  ways  of  learning  the  proportion  whic 
gen  bears  to  the  nitrogen ;  and  as  the  relative  fitness  of  1 
breathing  has  sometimes  been  considered  as  depending  upoi 
tity  of  oxygen  contained  in  a  given  volume,  the  instrumen 
these  experiments  have  been  called  eudiometers, 

298.  From  facts  already  stated  it  is  obvious,  that  if  atmos 
mixed  with  a  certain  quantity  of  hydrogen,  be  detonated  b 
trie  spark  (236  iii.)  the  absorption  will  be  proportionate  t< 
tity  of  oxygen  present. 

When  100  measures  of  pure  hydrogen  are  mixed  with  1 
oxygen,  the  diminution  of  bulk  afler  detonation  will  amoi 
parts,  that  is,  one  volume  of  oxygen  requires  for  its  satura 
hydrogen.  If  we  introduce  into  the  graduated  detonating  tnl 
300  measures  of  common  air,  and  200  of  pure  hydrogen,  the 
main,  after  detonation  305  measures  ;  so  that  195  measure 
disappeared,  of  which  one-third  may  be  estimated  as  pur 
hence  300  parts  of  air  have  thus  lost  65  of  oxygen,  or  about  1 

The  general  rule,  therefore,  for  estimating  the  purity  of 
drogen  gas  may  be  stated  as  follows  : — Add  to  3  measures 
under  examination  2  measures  of  pure  hydrogen  ;  deto 
wlien  the  vessel  has  cooled,  observe  the  absorption ;  divide 
by  3,  and  the  quotient  is  the  quantity  of  oxygen. 

Upon  the  same  principle,  detonation  of  mixtures  of  oxyg 
drogen  is  often  resorted  to,  with  a  view  of  ascertaining  th 
those  gases.  Thus,  suppose  100  measures  of  oxygen,  and 
drogen,  to  be  reduced  by  detonation  to  130,  the  whole  dimi 
be  =270,  which,  divided  by  3,  gives  90  for  the  quantity  of* 
that  it  contained  10  p€r  cent,  of  some  gas,  not  condensible 
tion  with  hydrogen. 

To  ascertain  the  purity  of  hydrogen,  it  may  be  detonate 
cess  of  pure  oxygen.     Thus,  if  we  add  100  of  pure  oxyge 
hydrogen,  and  detonate,  there  will  be  a  diminution  equal  to 
or  150  parts  if  the  hydrogen  be  pure.     If,  however,  we  si 
of  pure  oxygen,  mixed  with  100  of  hydrogen,  to  produce, 
nation,  a  residue  of  80  measures  ;  the  diminution  will  then 
only  120  measures,  of  which  two-thirds,  or  80  measures, 
gen ;  so  that  the  inflammable  gas  will  have  contained  20  f 
some  other  giiseous  body,  not  condensible  by  detonation  v 
gen. 

This  mode  of  ascertaining  the  purity  of  atmospheric  air  w 

Voiu.  sorted  to  by  Volta,  and  it  is  susceptible  of  great  accuracy, 

hydrogen  and  pure  oxygen  are  easily  procured.     An  impi 

nating  tube  for  these  purposes  has  been  described  by  M.  G 

Annales  de  Chim.  et  Phys,  IV.  188. 

300.  Scheelc,  in  his  eudiometrical  experiments,  employe 
ofpottusa,  (656J  the  solution  of  which  rapidly  absorbs  oxyg 
be  shown  by  agitating  it  with  some  atmospheric  air  in  agrad 
tube.    In  t&s  experisient  the  nitrogen  remains  unaltered. 
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!gft  iuilrugieiitg  for  these  ezperi- 
B  the  eadiometric  tubes  of  Dr. 
icholson's  Journal f  Vol.  iy.) 
Henry  {Elements^  Vol.  i.  p. 
represented  in  the  marginal 
The  former  consists  of  a 
le,  holding  about  three  ounces, 
li  the  graduated  glass  tube  a  is 
6tted  by  grinding.  It  also  has 
stopper  at  b.  To  use  it,  the 
led  with  the  solution  of  the  al- 
>huret,  and  the  tube  a,  contain- 
T  to  be  examined,  fitted  into  its 
fter  inverting  and  agitating  the 
t,  the  stopper  b  may  be  opened  under  water,  and  the  ab- 
I  shown  by  the  rise  of  the  fluid  in  the  tube.  For  the  glass 
Ifenry  substituted  the  elastic  gum  bottle  6,  in  the  neck  of 
hort  piece  of  glass  tube  is  secured,  into  which  the  tube  a  is 
^ndii^. 

Phiioiopkical  Trafuactions  for  1807,  Mr.  Pepys  has  describ- of  p^ p^s. 
lification  of  this  Eudiometer,  which  may  be  often  adyanta- 
nployed  in  delicate  experiments,  and  by  which  an  absorption 
i^T  part  of  the  gas  under  examination  may  be  measured, 
^hen  nitric  oxide  gas  and  atmospheric  air  are  mixed,  there  is  of  PneitiVy. 
ion  of  nitrous  acid,  in  consequence  of  the  union  of  oxygen 
ixide  (273)  ;  and  if  the  mixture  be  made  over  water,  an  ah* 
>roportional  to  the  quantity  of  nitrous  acid  formed  ensues, 
principle  nitric  oxide  may  be  used  in  eudiometrical  experi- 
d,  if  proper  precautions  be  attended  to,  it  furnishes  tolera- 
ite  results.  Dr.  Priestley  and  Mr.  Cavendish  {PhiL  Trans, 
mXed  themselves  of  this  mode,  and  Mr.  Dalton  has  offered 
larks  upon  its  relative  accuracy  (^Phil.  Mag.  Vol.  xxviii.) 
certain  results  are  obtained  by  adding  to  100  parts  of  the  at- 
:  air,  previously  introduced  into  a  small  beer  glass,  an  equal 
nitric  oxide  gas.  The  mixture  may  be  gently  agitated,  and 
Lhree  minutes,  carefully  decanted  into  a  graduated  tube,  when 
found  that  84  measures  have  disappeared ;  of  which  one- 
21  measures,  are  oxygen. 

Davy  suggested  the  use  of  a  solution  of  sulphate  of  iron,  im-ef  pavy. 
with  nitric  oxide  gas,  for  the  absorption  of  oxygen  ;  it  may 
fed  in  the  same  way  as  the  alcaline  sulphuret  (300.) 
'a  stick  of  phosphorus  be  confined  in  a  portion  of  atmospher- 
ill  slowly  absorb  the  oxysren  present.     The  rapid  combustioti 
ne  substance  may  also  be  conveniently 

0.  For  this  purpose  a  small  piece  of 
OS  may  be  introduced  into  the  bulb  of 

1,  containing  a  given  inoa<*ure  of  the  air 
mined,  confined  over  mercury,  which, 
it  loss  by  expansion,  should  be  suffered 
r  about  half  the  tube,  or  to  stand  at  6. 
■phorus  may  then  be  intlamed  in  the 
1  when  the  combustion  is  over,  and  the 
,  the  residuary  air  may  be  transferred 
rement.  These  eudiometrical  methods 
id  by  Lavoisier,  Bertholict,  and  Seguin 
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297.  Atmospheric  air  has  already  been  stated  to  consist 
of aunofpheric  o(  oxygen  and  nitrogen  gases ;  but  whether  it  should  be  c< 
*^'            mere  mixture  or  a  chemical  compound  seems  a  question  no 

cided. 

There  are  various  ways  of  learning  the  proportion  whii 
gen  bears  to  the  nitrogen ;  and  as  the  relative  fitness  of 
breathing  has  sometimes  been  considered  as  depending  upo 
tity  of  oxygen  contained  in  a  given  volume,  the  instrumei 
these  experiments  have  been  called  eudiometers. 

298.  From  facts  already  stated  it  is  obvious,  that  if  atmoi 
mixed  with  a  certain  quantity  of  hydrogen,  be  detonated  t 
trie  spark  (236  iii.)  the  absorption  will  be  proportionate  t 
tity  of  oxygen  present. 

When  100  measures  of  pure  hydrogen  are  mixed  with  1 
oxygen,  the  diminution  of  bulk  after  detonation  will  amo 
parts,  that  is,  one  volume  of  oxygen  requires  for  its  satun 
hydrogen.  If  we  introduce  into  the  graduated  detonating  tn 
300  measures  of  common  air,  and  200  of  pure  hydrogen,  th< 
main,  after  detonation  305  measures  ;  so  that  195  measure 
disappeared,  of  which  one- third  may  be  estimated  as  pui 
hence  300  parts  of  air  have  thus  lost  65  of  oxygen,  or  about 

The  general  rule,  therefore,  for  estimating  the  purity  of 
drogen  gas  may  be  stated  as  follows  : — Add  to  3  measure! 
under  examination  2  measures  of  pure  hydrogen  ;  detc 
when  the  vessel  has  cooled,  observe  the  absorption ;  divide 
by  3,  and  the  quotient  is  the  quantity  of  oxygen. 

Upon  the  same  principle,  detonation  of  mixtures  of  oxy| 
drogen  is  often  resorted  to,  with  a  view  of  ascertaining  tl 
those  gases.  Thus,  suppose  100  measures  of  oxygen,  and 
drogen,  to  be  reduced  by  detonation  to  130,  the  whole  dim 
be  =270,  which,  divided  by  3,  gives  90  for  the  quantity  of 
that  it  contained  10  p€r  cent,  of  some  gas,  not  condensible 
tion  with  hydrogen. 

To  ascertain  the  purity  of  hydrogen,  it  may  be  detonat 
cess  of  pure  oxygen.  Thus,  if  we  add  100  of  pure  oxyge 
hydrogen,  and  detonate,  there  will  be  a  diminution  equal  to 
or  150  parts  if  the  hydrogen  be  pure.  If,  however,  we  S' 
of  pure  oxygen,  mixed  with  100  of  hydrogen,  to  produce, 
nation,  a  residue  of  80  measures  ;  the  diAiinution  will  then 
only  120  measures,  of  whicJi  two-thirds,  or  80  measures, 
gen ;  so  that  the  inflammable  gas  will  have  contained  20  ) 
some  other  gaseous  body,  not  condensible  by  detonation  ^ 
gen. 

This  mode  of  ascertaining  the  purity  of  atmospheric  air  \ 
^.udiometerofg^jj.jgj  to  by  Volta,  and  it  is  susceptible  of  great  accuracy, 

hydrogen  and  pure  oxygen  are  easily  procured.  An  impi 
nating  tube  for  these  purposes  has  been  described  by  M.  G 
Annates  dc  Chim.  et  Phys.  IV.  188. 

©f  s  h  ^^^'  ^^^®^'^'  *"  ^'*  eudiometrical  experiments,  employe 

ofpotassa,  (556J  the  solution  of  which  rapidly  absorbs  oxyj 
be  shown  by  agitatinir  it  with  some  atmospheric  air  in  agrac 
tube.    In  this  experisient  the  nitrogen  remaiBS  unolteraj. 
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Tlie  Iwst  initmnientB  for  these  experi- 
are  the  cadiometric  tubes  of  Dr. 
Hope  (Nicholson's  Joumal^  Vol.  iy.) 
and  Dr.  Henry  (£/emeiit«.  Vol.  i.  p. 
149)  aa  represented  in  the  marginal 
woodcnta.  The  former  consists  of  a 
bottle,  holding  about  three  ounces, 
which  the  graduated  glass  tube  a  is 
cwefuUy  fitted  by  grinding.  It  also  has 
a  groond  stopper  at  b.  To  use  it,  the 
phul  is  filled  with  the  solution  of  the  al- 
caline  snlphuret,  and  the  tube  a,  contain- 
i^  the  air  to  be  examined,  fitted  into  its 
fhce.  After  inverting  and  agitating  the 
iMtrment,  the  stopper  6  may  be  opened  under  water,  and  the  ab- 
'  terptioa  b  shown  by  the  rise  of  the  fluid  in  the  tube.  For  the  glass 
totttfl  Dr.  Hfttkjj  Aubstitated  the  elastic  gum  bottle  6,  in  the  neck  of 
wiuch  a  abort  piece  of  glass  tube  is  secured,  into  which  the  tube  a  is 
filed  fay  grinding. 
I  In  tlie  Pkdioaoj^ieal  Trafuaclions  for  1807,  Mr.  Pepys  has  describ-  of  p^p^. 
i  «d  a  modification  of  this  Eudiometer,  which  may  be  often  advanta- 
geooaly  employed  in  delicate  experiments,  and  by  which  an  absorption 
^^"^  fi'ii  P^^  of  the  gas  under  examination  may  be  measured. 

m.  When  nitric  oxide  gas  and  atmospheric  air  are  mixed,  there  is  of  PnestiVr. 
tpodoction  of  nitrous  acid,  in  consequence  of  the  union  of  oxygen 
with  the  oxide  (273)  ;  and  if  the  mixture  be  made  over  water,  an  ab- 
sorption proportional  to  the  quantity  of  nitrous  acid  formed  ensues. 
Upon  this  principle  nitric  oxide  may  be  used  in  eudiometrical  experi- 
Bwnts,  and,  if  proper  precautions  be  attended  to,  it  furnishes  tolera- 
bly accurate  results.     Dr.  Priestley  and  Mr.  Cavendish  {PhiL  Trans. 
.   1783,)  availed  themselves  of  this  mode,  and  Mr.  Dalton  has  offered 
aome  remarks  upon  its  relative  accuracy  (^PhiL  Mag,  Vol.  xxviii.) 
The  most  certain  results  are  obtained  by  adding  to  100  parts  of  the  at- 
BMspheric  air,  previously  introduced  into  a  small  beer  glass,  an  equal 
voinme  of  nitric  oxide  gas.     The  mixture  may  be  gently  agitated,  and 
Id  two  or  three  minutes,  carefully  decanted  into  a  graduated  tube,  when 
it  will  be  (bund  that  84  measures  have  disappeared ;  of  which  one- 
lirarth,  or  21  awasures,  are  oxygen. 

Sir  H.  Davy  suggested  the  use  of  a  solution  of  sulphate  of  iron,  im-  er  Paw. 
ptegaatcd  with  nitric  oxide  gas,  for  the  absorption  of  oxygen  ;  it  may 
be  employed  in  the  same  way  b^  the  alcaline  sulphuret  (300.) 

308.  If  a  stick  of  phosphorus  be  confined  in  a  portion  of  atmospher- 
ic ur  it  will  slowly  absorb  the  oxygen  present.  The  rapid  combustioti 
•f  the  same  substance  may  also  be  conveniently 
resorted  to.  For  this  purpose  a  small  piece  of 
pbosphoros  may  be  introduced  into  the  bulb  of 
the  tube  o,  containing  a  jo^iven  measure  of  the  air 
to  be  examined,  confined  over  mercury,  which, 
to  prevent  loss  by  expansion,  should  be  suffered 
to  occupy  about  half  the  tube,  or  to  stand  at  6. 
The  phosphorus  may  then  be  inflamed  in  the 
tube ;  and  when  the  combustion  is  over,  and  the 
tube  cold,  the  residuary  air  may  bo  transferred 

for  measurement.    These  eudiometrical  methods  or  l»vo:/i»* 

were  used  by  Lavoisier,  BerthoUct,  and  Sequin 
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(^Anncdes  de  Oiimie,  torn  ix.  and  xxxiv.)  and  are  both  susceptible  of  «c 
curacy,  and  a  loss  of  volume  =  21  per  cent,  of  the  atmospheric  air,iri 
invariably  be  found  to  have  occurred. 

303.  By  experiments  thus  conducted,  it  has  been  found  that  tb 
composition  of  the  atmosphere  is  extremely  uniform  in  all  parts  of  tb 
world,  and  at  all  heights  above  its  surface  ;  and  that  it  consists  of, 

Bj  Measure.  Bj  Weight* 

Oxygen 21     23.3 

Nitrogen 79    76,7 


100  100.0 

Though  these  are  the  essential  component  parts  of  atmospheric  ai 
it  contains  other  substances,  which,  however,  may  be  regarded  as  advei 
titious,  and  the  quantity  of  which  is  liable  to  vary :  of  these,  caiboii 
acid  and  aqueous  vapour  are  the  most  important  and  constant.    Tl 

•iftrbonic  acid  quantity  of  the  former  may  usually  be  considered  as  amounting  to  le 

la  air.  than  1  per  cent. 

The  presence  of  aqueous  vapour  in  the  atmosphere  is  shown  in 

'.v«ter  in  air.  variety  of  ways,  but  most  easily  by  exposing  to  it  certain  deliquesce 
substances  which  liquefy  and  increase  in  weight,  in  consequence  of  i 
absorption ;  and  as  the  gases  in  general,  unless  artificiaUy  dried,  al 
contain  vapour  of  water,  it  is  necessary,  in  delicate  experiments,  ai 
in  ascertaining  their  specific  gravity,  to  take  this  ingredient  into  ti 
account,  or  to  separate  it  by  proper  means,  such  as  exposure  to  rm 
deliquescent  substances,  among  which  fused  chloride  of  calcium  (69^ 
is  especially  useful. 

The  quantity  of  water  contained  in  air  and  gases  is  subject  to  vaii 
tion.  From  the  experiments  of  Saussure  and  Dalton,  it  appears  tfc 
100  cubic  inches  of  atmospheric  air  at  57^,  are  capable  of  retainn 
0.35  grains  of  watery  vapour  ;  in  this  state  the  air  may  be  considen 
at  its  maximum  of  humidity  :  it  would  also  appear  that  all  the  gai 
take  up  the  same  quantity  of  water  when  under  similar  circumstance 
and  that  it  consequently  depends,  not  upon  the  density  or  compositifli 
but  upon  the  bulk  of  the  gaseuus  fluid. 

We  are  indebted  to  Mr.  Dalton  for  suuie  valuable  information  B 

specting  the  state  in  which  water  exists  in  air ;  from  which  it  may  | 

concluded  that  it  is  in  the  state  of  vapour,  forming  an  independeni  I 

mosphere,  mixed,  but  not  combined  with,  or  dissolved  in  the  air. 

304.  Hygroscopes  and  Hygrometers  are  instruments  which  show  ll 

^rtrroaeter.  prescncc  of  water  in  the  air,  its  variation  in  quantity,  and  its  actd 
quantity  existing  in  a  given  bulk  of  air  at  any  given  time.  Saossoi 
employs  a  human  hair,  which,  by  its  diUtations  and  contractions  i 
moisture  and  dryness,  is  made  to  turn  an  index  ;  Deluc  used  a  thin  stii 
of  whalebone  in  the  same  way  ;  Wilson  employs  a  rat's  bladder,  wfak 
is  filled  with  mercury,  and  tied  on  to  a  large  thermometer  tube,  and.l 
its  dilatation  and  contraction  causes  the  mercury  to  fall  and  rise  ill  tl 
tube,  and  thus  to  indicate  changes  in  the  moisture  of  the  air.  Mr.  DaaU 
has  constructed  an  hygrometer,  which  shows  the  constituent  tempen 
ture  of  the  moisture  in  the  atmosphere,  by  its  precipitation  upon  a  csi 
surface  ;  comparing  this  with  the  temperature  of  the  atmosphere,  tk 
difference  furnishes  a  datum  for  calculating  the  quantity  of  vapour  i 
a  given  quantity  of  air,  and  affords  indications  usefully  applicable  I 


SULPHUR   AND  OXTGfaN.  1]| 

ige  of  weather.  A  detailed  account  of  thb  infltrament, 
sirations  made  with  it,  is  given  by  Mr.  Daniell  in  the 
ftal  ofSciencty  Vols.  yiii.  iz.  and  x. 


Section  III.    Sulphur. 

rR,  or  brimstone,  is  a  brittle  substance,  of  a  pale  yellow  PreperUet. 

BUdd  inodorous,  but  exhaling  a  peculiar  smell  when  heat- 

c  gravity  is  1 .990*.    It  becomes  negatively  electrical  by 

ction. 

rincipally  a  mineral  product,  and  occurs  crystallized,  its 

I  being  a  very  acute  octoedron  with  an  oblique  base. 

i  in  a  high  degree  doubly  refractive. 

sulphur  is  heated  to  about  180^,  it  volatilizes,  and  its 

•  is  strong  and  disa|preeable  ;  at  226^  it  liquefies ;  be- ^''***'"'*'**' 

d  400^  it  becomes  viscid,  and  of  a  deep  brown  colour ; 

500^  it  quickly  sublimes.     When  slowly  cooled  after 

18  a  fibrous  crystalline  mass.     It  suffers  no  change  by 

r,  and  is  insoluble  in  water.     It  is  met  with  in  masses,  in 

,  and  in  the  form  of  powder,  when  it  is  usually  called  ^^^^^ 

Ikiir,  or  sublimed  wlphur, 

led  sulphur,  when  examined  by  a  microscope  appears^  gtaiiixes 

dnute  crystals  ;  it  is  always  slightly  sour,  and  hence,  for  '^ 

iutical  purposes,  is  directed  to  be  washed  with  hot  water. 

e  sulphur  is  chiefly  brought  to  this  country  from  Sicily  ;  ^^^  obtain- 

ve,  and  is  found  associated  with  sulphate  of  lime,  8ul-e<i- 

tia,  and  carbonate  of  lime.     Its  colour  is  various  shades 

I  the  transparent  crystals  are  doubly  refractive ;  it  is 

among  volcanic  products. 
ilphur  is  chiefly  obtained  from  sulphuret  of  copper  in 

which  is  roasted,  and  the  fumes  received  into  a  long 
rick-work,  where  the  sulphur  is  gradually  deposited  : 
ified  by  fusion,  and  cast  into  sticks.     In  this  state,  if 
!  warm  hand,  it  splits  with  a  crackling  noise, 
ome  pharmaceutical  purposes  sulphur  is  precipitated 
ine  solutions,  as  from  sulphuret  of  potassa  (666)  by  an 
en  washed  and  dried,  is  in  the  form  of  a  yellowish-giey 
wder  ;  it  is  the  milk  of  sulphur  and  precipitated  sulphur 
acopcBicE.     Dr.  Thomson  considers  it  as  a  compound  oi 
ater. — System  of  Cliein.  Vol.  i.  286. 
lurity  of  sulphur  may  be  judged  of  by  heating  it  gra- 
piece  of  platinum  leaf;  if  free  from  earthy  impurities, 
lly  evaporate.     It  should  also  be  perfectly  soluble  in 
turpentine. — Aikin's  Dictionary,  Art.  Sulphur. 
tr  and  Oxygen, — Sulphur  forms  two  well-defined  com- unii„  ^itb 
oxygen,  the  sulphurous  and  sulphuric  acids  ;  two  other°»ys«n- 


of  sulphur  vnponr  compared  with  oxyjren,  is  the  same  or  equal  to  1 ;  now 
m  of  i^ulpliui ,  and  2  !;•  jusl  16  times  0,125  (the  atom  of  hydrogen.) 
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compounds  of  sulphur  and  oxygen  have  also  been  described  under  tht 
■nipbamu  A-fiamcs  of  llifposidphurous  and  Hyposulphuric  Acidi;  but  these  cift 
scarcely  be  siiid  to  exist,  except  in  combination  with  bases,  and  what  if 
knoifn  respecting  them  will  be  found  under  the  articles  Hypotulpkik 
ojf  lAme  (630)  and  Hyposulphate  of  Baryta  (639).  If  they  be  admit- 
ted as  distinct  compounds,  sulphur  may  be  considered  as  susceptible  of 
four  states  of  combination  with  oxygen,  and  these  compounds  will  con- 
sist respectively  of 

•  • 

]  Sulphur  +  1  Oxygen  ==  Hyposulphurous  acid. 

1  Ditto       +  2  Ditto       =  Sulphurous  acid. 

]  Ditto       +  S'd  Ditto       =  Hyposulphuric  acid. 

1  Ditto       +3  =  Sulphuric  acid. 

313.  Sulphurous  acid  is  a  gaseous  body,  which  may  be  obtained  by 
several  processes.  It  may  be  procured  directly,  by  burning  sulphar 
in .  oxygen  gas  ;  or  indirectly,  by  boiling  mercury  in  sulphuric  acid. 
It  must  be  collected  and  preserved  over  mercui^  ;  for  water  takes  ap 
rather  more  than  30  times  its  bulk  of  this  gas,  forming  the  liquid  sal* 
phurous  acid,  which,  when  recently  prepared,  has  a  sulphurous  as- 
(rin<rcnt  tn.stc,  and  destroys  many  vegetable  colours  ;  but,  by  keeping, 
if  ur(|uires  a  sour  flavour,  and  reddens  the  generality  of  vegetable  blues. 

31 1.  If  sulphur  be  burned  in  oxygen,  sulphurous  acid  is  produced 
without  any  change  in  the  volume  of  the  gas,  so  that  its  composition  is 
easily  learned  by  the  increase  of  weight ;  and  as  100  cubic  inches  of 
oxygen  (weighing  33.88  grains)  dissolve  33.88  grains  of  sulphur,  it  is 
obvious  that  the  sulphurous  acid  is  composed  of  equal  weights  of  sul- 
phur and  oxygen  ;  and  if  we  regard  it  as  consisting  of  two  proportion- 
als of  oxygen  and  one  of  sulphur,  the  latter  element  will  be  repre- 
sented by  the  number  IC  ;  and  the  sulphurous  acid,  consisting  of  1  pro- 
portional of  sulphur  =  16,  and  2  of  oxygen  =  16,  will  be  represented 
by  32,  which  is  also  iU  relative  specific  gravity  to  hydrogen,  consider- 
mg  the  latter  as  =  1*;  100  cubical  inches  of  sulphurous  acid  gas  weigh 
o7.7o  grains.  Tliis  giis  hiu)  a  suffocating  nauseous  odour,  and  an  as- 
tringent taste  ;  it  extinguishes  flame,  and  kills  animals. 

315.  Sulphurous  acid  suffers  no  change  at  a  red  heat,  but  if  mixed 
with  hydrogen,  and  passed  through  a  red  hot  tube,  water  is  formed  and 
sulphur  deposited  ;  under  the  same  circumstances,  it  is  also  decompos- 
ed by  charcoal,  by  potassium  and  sodium,  and  probably  by  seven! 
other  metals.  Prepared  by  the  combustion  of  sulphur,  it  is  much 
used  for  bleaching  cotton  goods  (J^narterly  Journal  of  Science^  iv.  196,) 
and  also  for  whitening  silk  and  wool ;  in  wine  countries  it  is  some- 
times used  to  check  vinous  fermentation. 

316  When  sulphurous  acid  is  mixed  in  equal  volume  with  ammonia, 
d  yellowish  salt  is  produced,  which  is  a  svlphite  of  ammonia^  and  which 
f.onsist8  of  32  sulphurous  acid  +17  sunmonia.  When  formed  by 
saturating  liquid  ammonia  with  sulphurous  acid,  it  crystallizes  in  four 
and  six-sided  prisms,  soluble  in  their  own  weight  of  water  and  having 
an  acrid  taste.  It  is  deliquescent,  and  becomes  a  sulphate  by  exposure 
to  air. 


*  \Xhrn  8p.  gr.  of  oxygen  =1,  that  of  sulphnrons  iirid  ==2  this  multlplird  by  3  gi^cs  4  for 
tb«  atoni  of  thii>  acid,  also  4  is  just  32  tunes  the  atom  (0.185)  of  hydrogen. 
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•Wi.-  Smlpkmrie  Aeid,-^  This  body  was  formerly  obtained  by  the  dis- 
llfiOB  of  green  Titriol,  and  called  M  of  vitriol.  It  is  now  procured 
aflnsooantry  by  burning  a  mixture  of  about  8  parts  of  sulphur  and  1 
if  Hire  in  close  leaden  chambers  containing  water,  by  which  the  fumes 
piofaced  are  absorbed,  and  by  evaporation  the  acid  is  procured  in  a 
■OR  concentrated  state.  This  improved  method  of  preparing  sul* 
phttric  acid  was  invented  by  Dr.  Roebuck,  about  the  year  1746. — 
Piuc8*s  Chemical  Eisayiy  Vol.  ii. — Prefatory  History  of  Chemittry, 
r'ol.  i.  p.  36. 

318.  Sulphuric  acid,  as  usually  met  with,  is  a  limpid  colourless  fluid,  5„],j„r;ct. 
Ofing  a  specific  gravity  of  1.80  ;  it  boils  at  620^,  and  freezes  at  15^,ct<i- 
ootiactiiig  at  the  same  time  considerably  in  its  dimensions.     But  the 
enperature  at  which  the  diluted  acid  congeals  is  singularly  modified 

fj  (be  Quantity  of  water  which  it  contains.  At  the  specific  gravity  of 
.78  it  freezes  at  about  40^  ;  but  if  the  density  be  either  increased  or 
■uishedy  a  greater  cold  is  required  for  its  congelation  (Keir,  Irish 
U.  Tratu.  ir.  88.)  Its  boiling  point  diminishes  with  its  dilution  ; 
cid  of  the  specific  gravity  of  1.78,  boils  at  435^,  and  acid  of  the  spe- 
iiicgravi^of  1.650 boils  atdSO*".— Daltoit's  Oiem.  Phil.  ii.  404. 

k  is  acnd  and  caustic,  and  when  diluted  with  water,  produces  a  very 
BW  liquid.  It  rapidly  absorbs  water  from  the  atmosphere,  and  upon 
sdden  miztnre  with  water,  condensation  ensues,  and  much  heat  is  evolv- 
im  Even  a  boiling  temperature,  when  it  is  concentrated,  does  not  pre- 
ol  its  taking  up  moistnre  firom  the  air ;  hence  it  cannot  be  concentrated 
s  wdl  in  an  open  as  in  a  close  vessel,  on  which  account  retorts 
f  i^ass  &r  platinum  are  used  for  the  last  stage  of  its  concentration  by 
he  nami&ctarers. 

It  chairs  animal  and  vegetable  substances,  and  is  apt  to  acquire  a 
■rown  tinge  from  any  small  particles  of  straw,  resin,  or  other  matters 
hat  may  accidentally  have  fallen  into  it. 

319.  In  sulphuric  acid  1  proportional  of  sulphur  =  16,  is  combined 
rith  3  of  oxygen  =  24,  and,  consequently,  dry  sulphuric  acid  is  cor- 
ectly  represented  by  1 6  -{-  24  =  40  ;  but  it  only  exists  in  this  state 
like  the  nitric  and  chloric  acids)  when  united  with  bases,  and  in  its  or- 
iaaij  state  contains  water?  and  may,  therefore,  be  called  hydrated  svl- 
httic  Acid,  It  has  been  found  by  experiment,  that  100  parts  of  sul- 
haric  acid,  specific  gravityjl  .85,  contain  1 8.5  of  water ;  consequently, 
I  any  be  looked  upon  as  composed  of  1  sulphur  +  3  oxygen  +  1 
nter : 

Or  of  16    sulphur 
24     oxygen 
9     water 

49    number  for  hquid  sulphuric  acid. 

100  Parts  of  liquid  sulphuric  acid,  of  the  specific  gravity  of  1.3530, 
MCain  37.5  parts  of  dry  sulphuric  acid  ;  or  46  of  liquid  acid,  of  the 
pedfic  gravity  1.85. 

380.  The  strength  of  sulphuric  acid  is  best  judged  of  by  its  saturat- 
es power,  and  by  its  specific  gravity.  Mr.  Dalton  {New  System  of 
%Hmcal  Philosophy,  \o\.  ii.  p.  404,)  has  published  a  Table,  exhibiting 
he  specific  gravity  and  boiling  point  of  the  acid  of  various  strengths. 


t>r.  Vn  atao  bM^TaB  MTenl  valuable  tihiti  iflating  lu  Uiu  lubject,  i| 
in  bis  Experimenta  to  itUrmine  tlu  Lam  t^PnO^sion.  foltowrii  in  i' 
Dentily  of  SiUjAune  Jtaid  at  diffenM  DignaM  Diluiion  {QyoHet 
/owrnoi  of  Science  aitd  tkt  Artt^  VoL  Iv.  p.  114.)  An  extremely  mefii 
table  of  tbu  kiad  will  also  be  fbund  iaUr.  PiAea's  Essayt  above  qui 
ted  (Vol.  ii.  p.  444.) 

Tbe  foUowiog  is  Dr.  Ure's  Table : 
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rnMiiontf      321.  The/anruKion  offlulphnric  acidby  thecombiutioii 
iJrkncicid  and  nitre  is  as  fblloiVB  ;  •  t 

The  sulphur,  by  barning  in  contact  with  atmospheric,  air  fbiaajHUt^i 
rovt  acid.    The  nitre  gives  rise  to  the  production  of  «»(m  axtda,  «iir 
with  the  oijgen  of  the  air,  produces  iwlrou  aadgat,    Wbaa  Al 
gases  (t.  «.),  Bolplninnw  mdnitrosaacida}  «np«f/M%  Ay,tlMigr4B( 


■  ipon  each  other,  but  moisture  twii^  pnunt  in  m 
%cj  fonn  a  while  Bolid,  which  is  instant^  decoo^cwed  when  put  into 
^Wer ;  the  nitrous  acid  rcverU  to  ihe  lUte  of  ufcic  oxide,  haviiig 
'vred   one  additioool  proportioaal  of  oxjgen  to  the  flnlpharons 
Old,  with  water,  producing  the  Bnlpharic  acid  ;  while  the  nitric 
(,  by  the  action  of  the  air,  again  affordi  nitront  Kid,  which  plays 
■  IBM  put  MM  before. 
Bi^hMriM  aai  conurta  of 
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knee  every  tmc  portiona  of  anlpharous  acid  require  one  of  nitroua  acid, 
wUth  traufen  teo  of  orjgen ,  and  passes  back  into  the  state  of  nitric 
tnde,  nl^aric  acid  being,  at  the  same  time,  produced. 

The  gMea,  therefore,  before  decomposition,  may  be  thos  represent- 
ed: 
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And  after  decompoaltion  as  follows : 
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Sulphuric  acid. 

iMjMoi        ^^^'  '^^^  decomposition  of  sulphuric  acid  may  be  effected  bj  niv- 
oiphuhcacid.  ing  it  through  a  red-hot  platinum  tube,  when  it  is  resolved  into  saqiki- 
rous  acid,  oxygen,  and  water. 

When  heated  with  charcoal,  sulphuric  acid  gives  rise  to  the  produce 
tion  of  carbonic  and  sulphurous  acids  ;  with  phosphorus  it  prodooet 
phosphoric  and  sulphurous  acids ;  and,  with  sulphur,  Bulpharooi  Kid 
is  the  only  product  It  is  decomposed  by  several  of  the  metab,  wtidk 
become  oxidized,  and  evolve  sulphurous  acid,  as  shown  in  the  prodn^ 
tion  of  this  acid,  by  boiling  sulphuric  acid  with  mercury  (313),  tniykA 

323.  Sulphuric  acid  is  largely  consumed  in  a  variety  of  nannfiNStiinii 
It  is  used  by  the  makers  of  nitric,  muriatic,  citric,  and  tartaric  addi; 
by  bleachers,  dyers,  tin-plate  makers,  brass-foondera  and  gjUttRa. 
For  these  purposes  it  is  generally  sufficiently  pure  as  it  comM  froni  (ha 
wholesale  manufacturer ;  but,  as  traces  of  lead,  lime,  and  potaaaa,  alt 
usually  found  in  it,  it  often  requires  to  be  purified  by  distillation  for  tha 
use  of  the  experimental  chemist. 

The  distillation  of  this  acid  in  glass  retorts  requires  some  precaoCion, 
in  consequence  of  the  violent  jerks  which  the  production  of  its  vapoar 
occasions,  and  which  oflen  break  the  vessel ;  this  may  be  prevenlid 
by  putting  some  strips  of  platinum  into  the  acid ;  it  then  boils  qnied^* 
and  it  is  only  necessary  to  take  care  that  the  neck  of  the  retort  aM 
receiver  are  not  broken  in  consequence  of  the  high  temperature  of  tha 
condensing  acid.  This  very  useful  contrivance  to  the  practical  che* 
mist  was  first  shown  me  by  Mr.  James  South. 

If  the  acid  of  commerce  contain  dissolved  sulphate  of  lead,  it  be- 
comes turbid  on  dilution,  so  that  its  remaining  clear  when  mixed  wilfc 
water,  is  some  proof  of  its  purity,  as  far  at  least  as  lead  is  concendl. 

324.  When  sulphuric  acid  was  procured  by  the  distillation  of  gmi 
vitriol,  it  was  frequently  observed  that  a  portion  concreted  into  a  whila 
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■  ■-"  ^/ 
oystab*    TlietiiiiefidMiHcelittabo  been  remark 
Dy  IwiMdJki  the  acid  of  the  Engpuli  maniifiictiirerB. 

'$m  ciwMiidfTyd  m  the  pore  or  aimjrdroiis  acid ;  it  appean,  however, 
fiDbaUe,  dial  it  conaists  of  eolpharic  acid,  combined  with  a  portion  of 
■Jphttirooa  acid^— See  Stdphaie  of  Iran  (738.) 

3t5.  It  liaa  long  been  an  object  with  the  mannfiictarer  to  obtain  snl- 
fhikncid  without  the  aid  of  nitre,  and  a  patent  has  been  obtaine4  for 
a  prooeM  of  tfaia  kjiid,  invented  by  Mr.  HiU.  It  consiata  in  salmiittiDg 
CMndy-powdered  iron  pyrites  (737)-  (sulphnret  of  iron,)  to  a  red 
*"*-*  in  cylindera  commanicating  with  a  leaden  [chamber  containiog 
;  tlie  aolj^iir,  aa  it  bnma  out  of  the  pyrites,  aj^pears  at  once  to 
IaUi  die  atete  of  snlphoric  add. 

316.  AMoc  Suijpkwrie  Acid  has  been  fonnd  by  Proftsaor  Baldassari, 
iaAecsritieaofaaHiallvokanic  hill,  called  Zoccolino,  near  Sienna. 

3t7.  When  aolpharic  acid  is  dropped  into  a  concentrated  and  hot 
iohitioii  of  iodic  acid,  a  pecnliar  compoond  is  formed^  which  'Pay  be  ^^^  MmU 
tanMd  ioda^ndphmrie  octd;  it  is  yellow,  fbsible,  and  crystallizes  on^cu* 
caoling  in  rfaomnoids ;  at  a  hij^er  temperature  it  partly  sublimes^  and 
ii  partty  decomposed. 

3S8.  Sufykmrie  Acid  and  Jfrnmonui — SidphaU  t^  Ammonia — may  be 
obtained  by  pasnpg  ammonia  into  sulphuric  acid ;  but  it  is  usually  pre-  sdyiiiita  •! 
Med  by  saturating  dilute  sulphuric  acid  with  earbonaU  ^  aoifnoiita,  or  wbmua. 
■y  df  r mntMiaing  mniiate  of  ammonia  by  stilphnric  acid.  It  is  the  «ecr«l 
■f  aawinnifff  of  some  old  writers.  This  salt  b  important  as  a  source 
«f  tte  mmriate  of  ammonia,  (292)  which  is  obtained  by  sublimation  firom 
aauliiie  ef  common  salt  and  sulphate  of  ammonia;  by  this  process 
■lalHie  of  soda  is  also  formed. 

Sulphate  of  ammonia  dissolves  in  twice  its  weight  of  water  at  60^, 
md  consists  of  1  proportional  of  sulphuric  &cid  =40  +  1  proportional 
€f  ammonia  ^17.  Its  number,  therefore,  is  67.  By  crystallizatioa 
it  afiwda  six-sided  prisms.  Its  taste  is  bitter  and  pungent.  When 
keated,  it  metts  and  in  part  sublimes,  ammonia  is  given  off,  and  a  super- 
wdpkat§  remains,  consisting  of  2  proportionals  of  acid  +  1  of  alcah. 

3C9.  JNaHve  Sulphate  of  Ammonia  is  sometimes  found  in  volcanic 
iradhcts ;  it  occurs  in  stalactitic  concretions  of  a  whitish  or  yellowish 
colonr,  and  covered  with  a  white  efflorescence :  it  has  thus  been  pro- 
cared  from  fissures  in  the  earth  surroundii^  certain  small  lakes  in 
Tnscany,  near  Sienna ;  and  among  the  products  of  Etna  and  Vesuvius ; 
it  has  been  termed  by  Karsten  Maicagnine^  firom  the  name  of  its  dis- 
coverer. 

390.  Sulphur  and  Chhrine — Chloride  of  Sulphur.  This  compound 
was  first  described  by  Dr.  Thomson,  in  1804  (Nicholson's  ^o^rncUf^^"^^*^ 
ToL  vii.)  When  sulphur  is  heated  in  chlorine,  it  absorbs  rather  more  *"  ^  "'' 
Aan  twice  its  weight  of  that  gas.  10  grains  "of  sulphur  absorb  30  cu- 
bic inches  of  chlorine,  and  produce  a  greenish-yeUow  liquid,  consist- 
ing of  16  sulphur  +  36.0  chlorine,  and  represented,  therefore,  by  the 
Twnfrcr  52.  It  exhales  suffocating  and  irritating  fumes  when  exposed 
la  the  air.  Its  specific  gravity  is  1.6.  It  does  not  affect  dry  vegeta- 
Ua  Uues ;  but  when  water  is  present,  it  instantly  i^dens  them,  sul- 
|iar  is  deposited  and  sulphurous,  sulphuric,  and  muriatic  acids  are 
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formed  in  consequence  of  a  decompoution  of  the  water.    It  dissoha 

sulphur  and  phosphorus, 
lodid*  of  ml-     33 1 .  Sulpkur  and  Iodine  readily  unite  and  form  a  black  crystallizaUe 
^^"'  compound,  first  described  by  M.  Gay-Lussac. — AnnaUi  dt  CSUmie,  91. 

BaiDirarettea       332.  Sulphur  and  Hydrogen^-Sulphuretted  Hydrogen  gah^^HydrtAlh 
hfinfstn.     ^^  ^^^^^ — rpj^-^  gaseous  compound  of  sulphur  and  hydrogen  was  db* 

covered  by  Scheele  in  1777.  It  may  be  obtained  by  presentiiig  sul- 
phur to  nascent  hydrogen,  which  is  the  case  when  sulphuret  of  iron  is 
acted  upon  by  dilute  sulphuric  acid.  It  may  also  be  conveniently  ob« 
tained  by  heating  bruised  sulphuret  of  antimony  in  muriatic  acid. 

333.  Sulphuretted  hydrogen  gas  may  be  collected  over  water, 
though,  by  agitation,  that  fluid  absorbs  nearly  thrice  its  bulk.  It  has  a 
peculiarly  nauseous  fetid  odour,  resembling  that  of  rotten  egg^.  Its 
specific  gravity*  to  hydrogen  is  as  17  to  1.  100  cubic  inches  weigfi  36 
grains.  It  is  inflammable,  and  during  its  slow  combustion,  sulphur  is 
deposited,  and  water  and  sulphurous  acid  formed.  It  extinguishes 
flame.  When  respired,  it  proves  fatal ;  and  it  is  very  deleterious,  even 
though  laigely  diluted  with  atmospheric  air.  It  exists  in  some  aiinenl 
waters. 

334.  The  aqueous  solution  of  sulphuretted  hydrogen  is  transparent 
and  colourless,  but  if  exposed  to  air  it  deposits  sulphur  and  the  gas  es- 
capes. It  is  an  exceedingly  delicate  test  of  the  presence  of  most  of 
the  metals,  with  which  it  forms  coloured  precipitates.  It  reddens  in- 
fusion of  litmus  ;  and  as  it  combines  with  the  greater  number  of  salifi- 
able bases,  it  has  by  some  been  regarded  as  an  acid.  Gay-Lussac  has 
termed  it  hydrostUphurtc  acid. 

335.  When  one  volume  of  sulphuretted  hydrogen,  and  1.6  of  oxy- 
gen are  inflamed  in  a  detonating  tube,  1  volume  of  sulphurous  acid  if 
produced,  and  water  is  formed.  Thus  the  sulphur  is  transferred  to  1 
volume  of  the  oxygen,  and  the  hydrogen  to  the  half  volume.  Sul* 
phuretted  hydrogen,  therefore,  consists  of  16  sulphur  +  1  hydrogen, 
and  its  number  is  1 7.  Sulphuretted  hydrogen  may  also  be  decompMed 
by  the  Voltaic  flame,  in  the  apparatus  shown  at  page  80,  or  by  a  suc- 
cession of  electric  sparks.  Its  volume  is  unchanged,  but  the  sulphur 
is  thrown  down. 

336.  Chlorine  and  iodine  instantly  decompose  sulphuretted  hydro* 
gen ;  sulphur  is  deposited,  and  muriatic  (248)  and  hydriodic  (268) 
acids  are  formed.  It  is  also  decomposed  by  the  metal  potassium, 
which  absorbs  the  sulphur  and  liberates  pure  hydrogen,  when  heated 
in  the  gas.  Nitric  acid  poured  into  the  gas  occasions  a  deposition  of 
sulphur,  and  nitrous  acid  and  water  are  formed. 

.  337.  When  sulphuretted  hydrogen  is  mixed  nith  its  volume  of  nitric 
oxide  over  mercury,  a  diminution  of  bulk  ensues,  in  consequence  of 
the  production  of  water ;  sulphur  is  deposited  and  nitrous  oxide  remains 
in  the  vessel. 

338.  When  two  volumes  of  sulphuretted  hydrogen  are  mixed  in  an 
exhausted  balloon  with  one  of  sulphurous  acid,  they  mutually  decom- 
pose each  other,  occasioning  the  production  of  water,  and  the  deposi- 
tion of  sulphur;^  if  the  gases  be  perfectly  dry,  the  action -is  slow. 


*  Wh«n  the  qpocific  gravity  of  OEyf^  =>  1 ;  that  of  sulph.  hydrogen  =  1.0625,  now  twice 
this  or  2.125  ic  ihe  atom,  aod  2.135  ii  juft  17  timm  0.125  (the  atom  of  hydrogen.) 


•  n6>  Smiphurelled  hydrogen  and  ammonia  readily  anite  ia  equal  vg- 
loBea,  and  produce  hyilrosulphuTet  0/ ammonia.     At  firat  white  fnmes  ",'' J^^E,^T 
appear,  which  become  yellow,  and  a  yellow  crysUllized  compound  re-  "• 
snlta,  coBsiiting  of  17  sulphurelled  hydrogen,  +  n  ammonia.     It  ii  of 
much  m  »  a  test  for  the  metals,  and  may  be  procured  by  distilling  at 
DCftriya  red  bent,  a  mixture  of  6  parts  of  slacked  hme,  S  of  muriate  of 

340.  The  following  is  the  disposition  of  the  apparatus  for  this  expe- 
nacBl :  a,  a  small  furnace  1  b,  a  tubulated  earthen  retort  containing 
the  aboT«  malerials ;  c,  an  adapting  tube  ;  e,  a  glass  balloou  {qr  con- 
J^naiag  the  vapour  ;  /,  a  receiver  ;  g,  a  bottle  of  water,  into  which 
the  gbas  tube,  issuing  from  tbe  upper  part  of  the  receiver,  e,  is  made 
ludip  about  half  an  inch. 


The  product  in  the  bottle/ may  be  mixed  with  tbe  water  ing,  and 
the  whole  ij«ed  for  washing  out  the  receiver  t.  In  iu  concentrated 
itate,  this  compound  exhales  white  fumes,  as  was  first  remarked  by 
Boyle,  whence  it  was  termed  Boyle's  Fuming  Ltqwir,  or  FolaliU  Liver 
ofh^kur.  It  is  a  deep  yellow  liquid,  smelling  like  a  mixture  of  sul- 
rtmrrtted  hydrogen  andammonia. 

r  When  kept  in  common  white  glass  vessels  it  renders  them  brown  or 
^k,  ID  consequence  of  its  action  on  the  oxide  of  lead  which  the  glass 

MI.  Another  compound  of  hydrogen  and  sulphur  which  has  been 
A  fuptriulphuretud  hydrogen,  is  described  in  most  books  as  a  liquid 
ed  by  adding  muriatic  acid  to  a  solution  of  sulphuret  of  potassa, 
I  tt  is    said  to  consist  of  two  proportionals  of  sulphur  =  32  -f  1 
thTdfvgen  ^  I.     1  have,  however,  never  been  able  to  obtain  it. 
tS4S.  Sulphur  uad  Nitrogeti   do  not  form  any   definite  compound, 
1)  the  nitrogen  evolved  during  the  decomposition  of  certain  ani- 
g,  often  seems  to  contain  sulphur. 
P 543.  Sulphur,  in  its  ordinary  state. always  contains  hydrogen,  which 
pre*  off  during  the  action  of  various  bodies  for  which  it  has  a  pow- 
Kl  aftraction.     Thus,  if  equal  weights  of  sulphur  and  copper  or 
^jJM-  be  introduced  into  a  retort,  and  heated,  a  quantity  of  hydro- 
["jSTnibed  with  sulphuretted  hydrogen,  \a  evolved  U  the  pariod  of 
Ibeir  uHubinalios. 
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condensed  into  one  ;  consequently,  when  the  gas  is  decomposed,  it  fa 
instance,  by  subliming  sulphur  in  it,  two  volumes  of  sulphuretted  bj« 
drogcn  are  formed*. 

375.  When  hydrophosphorous  acid  is  decomposed  for  the  prodncn 
tion  of  this  gas,  phosphoric  acid  is  always  generated.  HydrophM- 
phorous  acid  has  been  stated  (366)  to  contain  two  proportionab  of 
phosphorous  acid  +  one  of  water.     Hence  the  elements 

24phofiphoru«    ^  =  phosphorouiacid. 
16  oxygen  ^      ir     »r-  -^ 

1  hjdrog«n       i^'^^r* 

or  49.0  parts  of  hydrophosphoroas  acid  contain 

34    phosphortia 
24    oxygea 
1    hydrogen. 

The  three  proportionals  of  oxygen  =  24,  will  require  one  propor- 
tional and  a  half  of  phosphorus  =  18,  to  form  phosphoric  acid ;  mi 
the  remaining  half  proportional  of  phosphorus  will  unite  to  the  one  of 
hydrogen  to  form  hydrophosphoric  gas. 

To  avoid  fractions  the  phenomena  may  be  stated  thus : 
Four  proportionals  of  hydrophosphoric  acid  contain 

4  phosphorus  cbx  48 

4  oxygen  b=  32 

2      do.  )      inthe    *«  16 

2  hydrogen  >      water    ^  2 

The  whole  of  the  oxygen,  amounting  to  6  proportionals  (t.  c,  8  X 
i>  ^  48),  unites  to  three  proportionals  of  phosphorus  (12  X  3  ^36), 
to  form  phosphoric  acid.     The  two  of  hydrogen  =  2,  combine  wu 
the  remaining  proportional  of  phosphorus  =  12  to  form  hydropliot*   ; 
phoric  gas. 
rnioowith        376.    Phosphorus  and  Nitrogen  produce   no  definite   componndi   - 
itrogen.       though  in  somc  cases  of  animal  decomposition  the  evolved  nitrogei 
appears  to  hold  phosphorus  in  solution.  .:;, 

377.  Phosphorus  and  Sulphur  may  be  readily  united  by  fusion  iB  U  ^ 
xXf^ttP^    exhausted  vessel.     When  one  proportional  of  phosphorus  is  united  to    ^ 

one  of  sulphur  (12  -f*  16),  the  compound  bears  a  high  temperatuio   , 
without  decomposition.     It  is  a  crystidlizable  solid  at  temperatuei 
below  60**. —  Faraday.     Journal  of  Science^  Vol.  iv.  p.  361, 

378.  By  acting  upon  fused  phosphorus  by  the  Voltaic  spark,  it  al« 
ways  affords  a  small  portion  of  hydrogen  gas  ;  this  gas  is  also  evolred 
from  it,  as  from  sulphur  (343)  during  its  union  with  some  of  the  me' 
tali?. 


Section  V.     Carbon,  ■ 

ii«Aiecj.  o7D.  The  purest  form  of  this  elementary  substance  is  the  diamoodf  - 

a  mineral  body  first  discovered  in  Asia,  in  the  provinces  of  Golcooil 

■  ■     —  '        ■  ■  '  '  .III* 

♦  Sp.  gr.  of  this  gBS  to  oxygen  is  ag  875:  I  now  0.875  X  ga»  1.75  the  atom  of  IflilJiif  • 

phos  .—iha  1. 75  IB  just  14  (ttn  0.135  or  the  atom  of  bnbtxML  \ 
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it  becomes  black  ;  but  if  slowly  cooled,  remains  colourless.  At  SSO**  it 
boils,  air  being  excluded,  and  rapidly  evaporates.  When  exposed  to 
air,  it  exhales  luIninou^i  fumes,  having  a  peculiar  alliaceous  odour  ;  it  is 
tisteless,  and  insoluble  in  water,  but  proves  poisonous  when  taken  into 
thestomacb  (Orfila,  Trair^  des  Poisons,  II.,  P.  ii.,  p.  186.)  In  pure 
nitrogeB.  phosphorus  is  not  in  the  least  luminous  at  any  temperature. 

347.  At  a  temperature  of  about  100*>  phojspliorus  takes  fire,  and 
bams  with  intense  brilliancy,  throwing  oil'  copious  white  fumes.  If, 
instead  of  burning  phosphorus  with  free  access  of  air,  it  be  heated  in  a 
confined  portion  of  very  rare  air,  it  enters  into  less  perfect  combustion, 
and  three  compounds  of  phosphorus  with  oxyj^ren  are  the  result,  each 
characterized  by  distinct  properties.  The  tirst  is  a  red  solid,  less 
fu-yiblc  than  phosphorus  ;  the  second  is  a  white  substance,  more  vola- 
tile than  phosphorus  ;  the  third,  a  white  and  more  fixed  body. 

348.  The  red  solid  consists  of  a  mixture  of  phosphonis  and  oxide 
of  phosphorus.  Oxide  of  Phosphorus  is  the  white  subHUmce  with  which 
phosphorus  becomes  inc rusted  when  kept  fur  some  time  in  water.  It 
is  %-ery  inflammable,  and  less  fusible  and  volatile  than  phosphorus. 
hi4  this  substance  which  is  generally  used  in  the  phosphoric  rnatch- 
kozes.  To  prepare  it  for  this  purpose,  a  piece  of  pliosphorus  may  be 
put  into  a  small  phial,  and  melted  and  stirred  about  with  a  hot  iron 
wire  so  as  to  coat  its  interior.  A  portion  of  the  phosphorus  is  thus 
oxidized  by  its  imperfect  combustion,  and  a  small  quantity  taken  out 
open  the  end  of  a  brimstone  match,  instantly  inflames  upon  coming  into 
the  contact  of  the  air. 

349.  Phosphorus  and  Oxygen. — Besides  the  oxide  of  pliosphorus, u^j^n  ^j^ 
which  has  just  been  alluded  to,  there  are  three  act  (/ compounds  of  phos-ox/ftn. 
phonis  and  oxygen,  which  have  been  termed  hypophosphorous,  phospho* 

rous,  and  phosphoric  acids. 

350.  flypophosphorous  Acid  was  discovered  by  M.  Dulong,  L^nnales 
de  Ckiinit  et  Physique,  Vol.  ii.  p.  141).  It  is  prepared  as  follows  : 
fpon  1  p^Ti  o(  phosphuret  of  barium  (^643)  pour  4  parts  of  water,  and 
when  the  evolution  of  phosphuretted  hydrogen  gas  h;is  roased,  pour  the 
whole  upon  a  filter.  To  the  filtered  liquid  add  sulphuric  acid  as  long 
as  any  precipitate  forms  ;  separate  the  precipitate,  which  is  a  com- 
pound of  sulphuric  acid  and  baryta,  and  the  clear  liquor  now  contains 
the  hypophosphon>us  acid  in  solution. 

When  concentrated  by  evaporation,  a  sour  viscid  liquid  is  obtained, 
incapable  of  crystallization,  and  etigerly  attractive  of  oxygen. 

351.  PhoMphorous  Acid  was  first  examined  in  its  pure  state,  by  Sir  H. 
Davy.  It  is  best  obtained  by  mixing  chloride  of  phosphorus  (364)  with 
water  and  filtering  and  evaporating  the  solution,  when  a  white  crystal- 
lized solid  is  obtained,  of  a  sour  taste  and  very  solul)lc.  This  body 
consist*  of  phosphorous  acid  combined  with  water,  and  has,  therefore, 
been  called  hydro-phosphorous  acid, 

.352.  Phosphoric  Acid  m^y  be  formed  by  burning  phosphorus  in  ex- 
cess of  oxygen.  There  is  intense  heat  and  light  produced,  and  white 
deliquescent  flocculi  line  the  interior  of  the  receiver.  It  is  produced 
i.i  the  same  way  by  burning  phosphorus  under  a  dry  bell-glass  in  atmos- 
pheric air.  Phosphoric  acid  may  also  be  obtained  by  acting  upon  phos- 
phorus by  nitric  acid  :  in  this  case,  if  the  action  be  at  all  intense,  a 
|HiriioD  of  ammonia  is  at  the  same  time  produced,  which  is  found  in  the 
State  of  phospbate  of  aimnonia  in  solution.    About  six  parto  of  nitric 
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acid,  specific  gravity  1.4,  arc  introduced  into  a  tubulated  retort  placed 
in  a  sand  heat,  witli  a  tubulated  receiver  luted  on  to  it,  the  stopper  of 
which  should  be  open.  When  the  acid  is  warm,  drop  into  it  graduaUj 
one  part  of  phosphorus  in  small  pieces  ;  red  nitrous  vapour  is  instantly 
disengaged,  and  when  its  evolution  ceases,  put  the  stopper  loosely  into 
the  receiver,  and  distil  till  the  residue  in  the  retort  acquires  the  consist- 
ence of  syrup  ;  pour  it  into  a  platinum  crucible,  and  give  it  a  daU  red 
heat :  it  is  pure  phosphoric  acid. 

353.  The  exposure  of  phosphate  of  ammonia  (360)  to  a  red  heat  in 

a  platinum  crucible,  also  affords  very  pure  phosphoric  acid. 

feUKxiof         ^^^'  ^^^  *^^  purpose  of  procuring  phosphorus,  phosphoric  acid  is 

>racuriiiE.      most  economically  obtained  by  the  decomposition  of  hone  earth,  which 

consists  chiefly  of  phosphate  of  lime.     The  following  is  the  mode  of 

proceeding : 

On  20  pounds  of  calcined  bone,  finely  powdered,  pour  20  quarts  of 
water,  and  8  pounds  of  sulp|yaric  acid,  diluted  with  an  equal  weight  of 
water.  Let  these  materials  be  stirred  together,  and  simmered  for 
about  6  hours.  Let  the  whole  be  then  put  into  a  conical  bag  of  linen 
to  separate  the  clear  liquor,  and  wash  the  residuum  till  the  water 
cesises  to  taste  acid.  Evaporate  the  .^trained  liquor,  and  when  redaceJ 
to  about  half  its  bulk,  let  it  cool.  A  white  sediment  will  form  which 
must  be  allowed  to  subside  ;  the  clear  solution  must  be  decanted,  and 
boiled  to  dryness  in  a  gbiss  vessel.  A  white  mass  will  remain,  which 
may  be  fused  in  a  platinum  cnicible,  and  poured  out  into  a  clean  cop* 
per  dish.  A  transparent  glass  is  obbiiued,  consisting  of  phosphoric 
acid  with  some  phosphate,  and  a  little  sulphate  of  lime. 

355.  Phosphoric  acid  is  a  deliquescent  substance,  and  when  in  the 
flocculent  state,  as  obtained  by  burninjj;  phosphorus  under  a  dry  bell- 
glass,  it  dissolves  in  water  with  a  hissing  noise  and  excites  great  heit 
when  a  small  particle  is  put  upon  the  ton^e  ;  when  fused  it  has  been 
called  glacial  phosphoric  acid.  It  is  inodorous,  very  sour,  volatile  al 
a  bright  red  heat,  but  unchanged  by  it.  As  commonly  prepared,  it  ii 
an  unctuous  fluid.  Spnciiic  gravity  =  2.  (Thomson^s  chem.  gives 
2.687  for  dry  phosphoric  acid.) 

356.  The  composition  of  these  acids  of  phosphorus  has  been  va- 
riously given  by  different  chemists.  Sir  II.  Davy's  most  recent  ex- 
periments upon  this  subject,  (PAi7.  Trans.  181 8,)  appear  to  furnish  the 
least  exceptionable  results,  and  he  has  stated  them  thus : 

Hypophospborous  acid,  Fhoepbonis  45,  Oxyg«n  15 

Phoipliorous  acid 45 30 

Phosphoric  acid 45 60 

if  these  numbers  be  reduced  to  the  equivalents  which  1  bare  em- 
ployed, the  number  representing  phosphorus  would  be  12.  The  by- 
pophosphorous  acid  w^ould  then  consist  of  two  proportionals  of  phos- 
phorus =  24,  and  one  proportional  of  oxygen  =  8.  The  phosphorous 
acid  of  one  of  oxygen  and  one  of  phosphorous  ;  and  the  phosphoric 
of  one  and  two. 

From  some  experiments  which  I  made  in  181G  upon  the  quantity 
of  oxygen  absorbed  by  phosphorus  during  its  conversion  into  phos- 
phoric acid,  by  burning  it  in  great  excess  of*  oxygen,  I  was  induced  to 
believe  that,  at  mean  temperature  and  pressure,  each  grain  of  phos- 
phorus Cjondensed  rather  lesi  than  4.5  cubii:  inches  of  oxygen^  which 
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condensed  into  one  ;  consequently,  when  the  gas  is  decomposed,  it  6r 
instance,  by  subliming  sulphur  in  it,  two  volumes  of  sulphuretted  hy« 
drogen  are  formed*. 

375.  When  hydrophosphorous  acid  is  decomposed  for  the  prodac* 
tion  of  this  gas,  phosphoric  acid  is  always  generated.  Hydrophos- 
phorous acid  has  been  stated  (366)  to  contain  two  proportionals  of 
phosphorous  acid  +  one  of  water.    Hence  the  elements 

1  hydrogen       <^^^^^» 

or  49.0  parts  of  hydropbosphoroas  acid  contain 

34    phosphortia 
24    oxygm 
1    hydr(^;en. 

The  three  proportionals  of  oxygen  =  24,  will  require  one  propor- 
tional and  a  half  of  phosphorus  =  18,  to  form  phosphoric  acid ;  and 
the  remaining  half  proportional  of  phosphorus  will  unite  to  the  one  of 
hydrogen  to  form  hydrophosphoric  gas. 

To  avoid  fractions  the  phenomena  may  be  stated  thus : 
Four  proportionals  of  hydrophosphoric  acid  contain 

4  phos{^orus  aa  48 

4  oxygca  =  32 

2      do.  )      in  the    as  16 

2  hydit^cn  >      water    ^  2 

The  whole  of  the  oxygen,  amounting  to  6  proportionals  (t.  e.,  8  X 

i;  z^  48),  unites  to  three  proportionals  of  phosphorus  (12  X  3  ^3ti)i  . 

to  form  phosphoric  acid.    The  two  of  hydrogen  =  2,  combine  wiCh  ; 

the  remaining  proportional  of  phosphorus  =  12  to  form  hydropliot*  ^ 

phoric  gas. 

nionwiOi        376.    Phosphorus  and  Nitrogen  produce  no   definite    compooadi  •. 

trogcn.       though  in  some  cases  of  animal  decomposition  the  eyolved  nitrogen  . 

appears  to  hold  phosphorus  in  solution.  ^ 

377.  Phosphorus  and  Sulphur  may  be  readily  united  by  fusion  in  aa  .^ 
i"phnrT^       exhausted  ressel.     When  one  proportional  of  phosphorus  is  united  to  '^ 

one  of  sulphur  (12 -f*  16),  the  compound  bears  a  high  temperstuia    ^ 
without  decomposition.    It  is  a  crystiillizable  solid  at  temperatnrei 
below  60**. —  Faraday.     Journal  of  Science^  Vol.  iv.  p.  361. 

378.  By  acting  upon  fused  phosphorus  by  the  Voltaic  spark,  it  al- 
ways affords  a  small  portion  of  hydrogen  gas  ;  this  gas  is  also  evolYed 
from  it,  as  from  sulphur  (343)  during  its  union  with  some  of  the  me- 
tals. 


Section  V.     Carbon. 

iBAionc  579.  The  purest  form  of  this  elementary  substance  is  the  diamMid, 

a  mineral  body  first  discovered  in  Asia,  in  the  provinces  of  Golconda 

*  Sp.  g:r.  of  this  gas  to  QBjgen  is  ai  875 :  I  now  0.875  X  t^  1.75  Che  atom  of  bftf^K 
phos:— Uua  1.75  ii  just  14  net  0.125  or  the  atom  of  bidrona. 


tr  CM«  sboai  n  quarter  of  an  mmce  of  phorabonil  ihooU  Iw  ilitn- 
tctd  into  a  ■mnll  retort,  citpubte  of  bolcui^;  woiit  fiiiir  cmacM  of  m- 
r;  it  »boiild  Uien  be  complete^  filled  with  a  modentelj  strong  «rin- 
m  of  potw*a,  and  the  beak  beii^  pkeed  noder  the*  ihelf  of  Ihe 
iNDMtic  ap|Nimtiia,  the  bent  of  an  Argaod  bmp  orefollj  ajtpUcd  till 
bvile:  pi»  willgradu»lly  begenoratedao  astoezpelaportioo  «f  the 
oltne  Ef^ulion.  and  ultimately  to  bubble  np  tUfoogh  the  water. 

370.  For  obtitining  this  giko  by  tiie  lecond  process.  Dr.  Tbeiiwqi 
m  liu!  following  directions  .-  FlU  a  nnall  retort  with  water  acidulated 
I  murutic  acid,  and  then  throw  into  it  a  qnantity  of  phosphuret  of 
Be  in  lamps.  Pluoge  the  beak  of  the  retort  ander  water,  and  place 
«ril  an  inrerlcdjitr  filled  with  that  liquid.  Phospharetted  hjdrogen 
a  »  extricated  io  considerable  qnantit^,  and  soon  fills  Uie  ness  jar. 
■If  an  outM^e  of  phosphuret  of  liine  jrieUs  about  70  CuUc  inclwa  of 
itpt*. — Thomson's  Syslcm,  Vol.  i.,  tit. 

371.  Tliu<  gasio  colourless,  hnsa  naoseoas  odoiirUkeomoBS,aTer7 
lef  iBBte  and  iuAames  when  mixed  with  air,  a  pntpertj  which  it  loses 

beiaMMnHMMMMMr  takes  op  about  two  iw  ceat.  of  this 
t,  a^^^^^^HBHnd  file  meU  of  mions. 
sn^^H^^^^^^^HVuuetted  hydrogen  are  sent  np  into  a 
rti e^qn^d^Tb^ninAmadyiDcreaBedqtlendoar ;  in  chlorine 
i  AKf  hmtm  with  a  bemtiinl  pale  Moe  light,  forming  muriatic  acid 
i  percUoiide  of  pbosphonia.  In  a  narrow  tube  it  may  be  mixed 
&  o^^eB  withost  explodii^,  in  which  case  it  is  deprived  of  its 
ifhema  wifiwnt  snfiering  any  change  f>f  bolk.  It  hams  wbM 
rem  op  into  i^rons  oxide. 

9RSL  For  our  kauwledge  of  the  composition  of  this  jftt,*  we  Br« 
iefly  indebted  to  Dr.  Thomson,  who  has  shown  that  the  hydrc^n 
Sna  no  change  of  bulk  in  uniting  to  the  phospboms  ;  so  that  the 
Serence  of  weight  between  this  gas  and  pure  hydrogen,  indicates  the 
iigkt  of  phosphorus  :  100  cubic  inches  of  phosphuretted  hydrogen 
B^  27.527  grains  ;  hence  the  gas  may  be  regarded  as  containing 
leproportioaal  of  phosphorus  and  one  of  hydrogen,  or  12+1  =  13*. 
When  phosphn retted  hydrogen  is  mixed  with  oxygen,  it  requires  a 
liBe  and  a  half  of  the  latter  gas  for  its  perfect  combustion  ;  and  as 

•  hydrogen  would  require  half  its  volume  of  oxygen  forthe  produc- 
M  m  water,  the  remainiog  volume  must  unite  to  the  phosphorus  to 
laAace  phosphoric  acid. 

W4.  'B&j/drogMret  of  Phosphonu. — Hydrophotphorie  Got.— The 
m  compound  of  phosphorus  and  hydrogen  has  been  called,  by  Sir 

*  Daty,  kydrofhotphoric  gat.  It  is  procured  by  heating  the  soUd 
|ifee|4Kwphoras  acid  in  a  very  small  retort  The  gas  must  be  col- 
cM  over  mercury,  for  water  absorbs  one-eighth  its  volume.  Its 
■eific  gnirity  to  hydrogen  is  as  14  tol.  100  cubical  inches  weigh  29. 
li  pains.  It  is  not  spontaneously  inflammable,  but  explodes  when 
■ltd  with  ongen.  It  inflames  spontaneously  in  chlorine,  one  vol* 
M  icfairiDg  four  of  chlorine  for  its  perfect  combustion.  Its  smell 
Imb disagreeable  than  the  former.     It  consists  of  2of  hydn^n  and 

jir  fbocpborus  2+12=  14  ;  hut  the  two  volumes  of  hydrogen  are 

li. ■ — 

4dnaB.R.(rfa>7R>x=>l,0»  arDhi>tpfao(whydr»D  =  0.aiIS.ihii>nd(idiedlnS 
■iUB  fir  te  SBSD  cTptoi.  Iq^  «1B  1.& ..  jiiM  U  teM«m  (un  «f  fajtefa.) 
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condensed  into  one  ;  consequently,  when  the  gas  is  decomposed,  as  bi    ': 
instance,  bj  subliming  sulphur  in  it,  two  volumes  of  sulphuretted  hy<< 
drogcn  are  formed*. 

375.  When  hydrophosphorous  acid  is  decomposed  for  the  prodoc* 
tion  of  this  gas,  phosphoric  acid  is  always  generated.  Hydrophoi* 
phorous  acid  has  been  stated  (366)  to  contain  two  proportionali  of 
phosphorous  acid  +  one  of  water.     Hence  the  elements 

Mphosphonii    ^  =  pho8phoroui«cid, 
lb  oxygen  ^      r*     r-  "f 

8      do.  1  ^  ,_-♦«-. 

1  hydrogen       ^""'^ter, 

or  49.0  ports  of  hydrophosphorous  acid  contain 

24    phosphorus 
24    oxygen 
1    hydrogen. 

The  three  proportionals  of  oxygen  =  24,  will  require  one  propor- 
tional and  a  half  of  phosphorus  =  18,  to  form  phosphoric  acid ;  and 
the  remaining  half  proportional  of  phosphorus  will  unite  to  the  one  of 
hydrogen  to  form  hydrophosphoric  gas. 

To  avoid  fractions  the  phenomena  may  be  stated  thus : 
Four  proportionals  of  hydrophosphoric  acid  contain 


4  phosphorus 

^ 

48 

4  oxygen 

^ 

^ 

2      do.            I 
2  hydtx>gen      y 

in  the    ss 

16 

water    ■» 

2 

The  whole  of  the  oxygen,  amounting  to  6  proportionals  (t.  e.,  8  X 
^  =A  48),  unites  to  three  proportionals  of  phosphorus  (12  X  3  ^36), 
to  form  phosphoric  acid.  The  two  of  hydrogen  =  2,  combine  with 
the  remaining  proportional  of  phosphorus  =  12  to  form  hydrophoi- 
phoric  gas. 
nioDwith  376.  Phosphorus  and  JNttrogen  produce  no  definite  componndi 
itrogen.  though  in  some  cases  of  animaJ  decomposition  the  evolved  nitrogen 
appears  to  hold  phosphorus  in  solution. 

377.  Phosphorus  and  Sulphur  may  be  readily  united  by  fusion  in  u 
aphwT^      exhausted  vessel.     When  one  proportional  of  phosphorus  is  united  to 

one  of  sulphur  (12  +  16),  the  compound  bears  a  high  temperature 
without  decomposition.  It  is  a  crystallizable  sohd  at  temperatures 
below  60**. —  Faraday.     Journal  of  Science y  Vol.  iv.  p.  361. 

378.  By  acting  upon  fused  phosphorus  by  the  Voltaic  spark,  it  al- 
ways afibrds  a  small  portion  of  hydrogen  gas  ;  this  gas  is  also  evolved 
from  it,  as  from  sulphur  (343)  during  its  union  with  some  of  the  me- 
tals. 


Section  V.     Carbon. 

itsMDii.  o79.  The  purest  form  of  this  elementary  substance  is  the  diamond, 

a  mineral  body  first  discovered  in  Asia,  in  the  provinces  of  Golconda 

*  Sp.  fcr.  of  this  gus  to  oxygen  is  as  875 :  1  now  0.875  X  2  k  1.75  the  atom  of  bibydio^. 
phos:— thu  1.75  is  juat  14  imei  0.125  or  the  atom  of  hjrdrogsa. 


^ 


1^1^^ 
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BcBgd,  a&d  in  the  klittid  of  Borneo.  Abottthi^l^ 
■py  were  fint  fbuna  in  the  district  of  Serm  BlBfiM.  in 
Th^dwayaoccar  in  detached  crystab  in  aDnvidiidL'  The 
e  ftm  of  tlie  diamond  is  the  r^^nlar  octoedron,  eaditrfaiiupi- 
i  bf  which  is  somethpes  repfan^ed  hy  lix  secondary  -tipiani^, 
I  hj  cured  lines ;  so  that  we  crystal  hecome  spheroidal,  ^and 
i4B6celB.  DisDKmds,vdthl2andS4fitf:ets,arenotQnconiinflti. 
w'a  JMuMToliagy,  tM  edit  Vol.  i.  p.  1).  Tl^  diamond  has  been 
early  of  all  cohmrs :  those  which  are  colonr^ess  are  most  es- 
;  then  those  of  a  decided  ted,  bine,  or  green  tint  Black  dia- 
ire  extremely  rare.  Those  which  are  di^tly  brown,  or  tinged 
Hb  ottier  colours,  are  least  ralnable.  Tm  fractnre  of  the  dia- 
i  fiftliated,  iti  laminsB  being  parallel  to  theaides  of  a  regular  oc- 

•  It  ia  brittle  and  Tenr  hard ;  its  specific  grarity  is  5.6. 
Tlie  art  i^  cnttiDg  and  polishing  diamonds,  thonpi  probably  of 
anUqnity  in  Asia,  was  fint  btrodnced  into  Enrope,  m  1466,  by 
leij^ieli,  of  Brages,  who  accidentaDy  dtacdreM  that  by  mb* 
e  Aamwida  togeuer,  a  new  &cat  was  ]^rodnced.  The  narticn- 
9cat  of  Ibrming  the  roogh  gems  into  hrtttkmii  and  rots  dmmotiJb 
m  described  at  lengOi  hj  Jefiries,  {TreoHH  ok  Dtamnd§  amd 

3d  edit  London,  1800}.  By  either  of  these  processes,  bat 
Mf  by  the  fi>nner,  so  mnch  is  cnt  awat  that  the  weight  of  the 
li  gem  does  not  ezc^  half  tibat  of  the  rod|^  stone ;  so  that 
lee  of  a  cot  diamond  is  esteemed  eqnal  to  that  of  a  rinflar 
■anond  of  twice  the  weight,  ezclnsiTe  of  flie  cost  of  worfcman- 
The  weq^  and  therefore  the  ralae  of  diamoods,  is  estiaaled 
*t  160  ^  which  are  about  equal  to  one  ounce  troy,  or  4110 
They  are  dirided  into  halves,  quarters,  or  carat  grains, 
» aizteenth,  and  thirbr-second  parts. 

The  difference  of  yalue  between  one  diamond  and  another, 
terally  speaking,  as  the  squares  of  their  respectiye  wei^ts : 
Ihe  value  of  three  diamonds,  of  one,  two,  and  three  carats' 
respectively,  is  as  one,  four,  and  nine.  The  average  price  of 
liaBonds  is  estimated  by  Jeffries,  at  £2.  per  carat ;  and,  conse- 
f,  iriien  wrought,  the  cost  of  the  first  carat,  exclusive  of  work- 
p,  will  be  £8.,  which  is  the  value  of  a  rou^  diamond  of  two 

£ 

A  inmriil  diamond  of  three  caiats  is  worth  ....  7% 

4  c«mts ISO 

6  ditto SOO 

10  ditto SOO 

SO  ditto 3;wo 

30  ditto 7;20O 

40  ditto 1S,800 

50  ditto .  .90,000 

60  ditto 28,800 

100  ditto .  . 80/XXI 

is  mode  of  valuation,  however,  only  applies  to  small  diamonds,  in 
[nance  of  the  diiliculty  of  finding  purchasers  for  the  larger  ones. 

•  The  largest  known  diamond  is  probably  that  mentioned  by  Ta- 
ir,in  the  possession  of  the  Great  Mogul.  Its  size  is  about  that 
f  «i  hen^s  egg ;  it  is  cut  in  the  rose  form,  and  when  rough,  is 
rlttre  weighed  900  carats.  It  was  found  in  Golconda  about  the 
IBOO. 


'.i 
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Among  the  crown  jewels  of  Russia  is  a  magnilicent  diamond,  wei^ 
ing  195  carats.  It  is  the  sixe  of  a  siinall  pigeon^s  egg,  and  was  fomuulf 
the  eye  of  a  Brahiuinical  idol,  whence  it  wiu  purloined  by  a  French 
soldier  ;  it  passed  through  several  hands,  and  was  ultimately  purchn- 
ed  by  the  Empress  Cutharine  for  the  sum  of  £90,(M)0in  ready  numcj 
and  an  annuity  of  Xl^tKH.). 

Perhaps  the  most  perlect  and  beautiful  diamond  hitherto  fi>aiid»  i§i' 
brilliant  brought  from  India  by  an  English  gentleman  of  the  name  cf 
Pitt,  who  sold  it  to  the  Regent  Duke  of  Orleans,  by  whom  it  was  plac- 
ed among  the  crown  jewels  of  France.     It  weighs  rather  more  thai 
136  caratii,  and  was  purch.ised  for  £100,000. 

383.  Another  form  of  carbon  is  charcoal,  the  purest  variety  of  whick 

is  lamp-black, 

Mcthoaofpre-     Charcoal  may  be  prepared  by  heating  pieces  of  wood,  covered  with 

p^^i  cbu^  sand,  to  redness,  and  keeping  them  in  that  state  for  about  an  hour. 

They  are  converted  into  a  black  brittle  substance,  which  appears  ta 

be  the  same  from  whatever  kind  of  wood  it  hits  been  procured. 

Common  charcoal  employed  us  fuel  is  usually  made  of  oak,  chesnoiy 
elm,  beech,  or  ash  wood,  the  white  and  resinous  woods  being  seldoB 
used.  Young  wood  affords  a  better  charcoal  than  large  timber,  which  il 
also  too  valuable  to  be  thus  employed.  It  is  formed  into  a  conical  pile, 
which  being  covered  with  earth  or  clay,  is  suffered  to  bam  with  a  ^ 
mited  access  of  atmospheric  air,  by  wliich  its  complete  combustion,  or 
reduction  to  ashes,  is  prevented. 

Another,  and  a  more  perfect  mode  of  preparing  charcoal,  consists  in 
submitting  it  to  a  red  heat  in  a  kind  of  distillatory  apparatus  consisting  of 
cast  iron  cyhnders,  from  which  issue  one  or  more  tubes  for  the  escape 
of  gaseous  matters.  The  makers  of  gunpowder  particularly  prerar 
this  process.  (A  plate  of  this  apparatus  is  given  by  Mr.  Parkes,  in  hit 
Chemical  Essays,) 

385.  Lamp-black  is  prepared  principally  by  turpentine  manufiu:ta- 
rers  from  refuse  and  residuary  resin,  which  is  burned  in  a  furnace,  St 
constructed,  that  the  dense  smoke  arising  from  it  may  pass  into  cham- 
bers hung  with  sacking,  where  the  soot  is  deposited,  and  from  timeti 
time  swept  off,  and  sold  without  any  further  preparation.  (AiKiii's 
Dictionary.  Art.  Charcoal.)  When  lamp-black  has  been  heatel 
red  hot  in  a  close  vessel,  it  may  be  considered  as  very  pure  carbon. 

38G.  The  quantity  of  charcoal  obtained  from  different  kinds  of  wool 
is  liable  to  much  variation.  From  100  parts  of  the  following  woodi, 
Messrs.  Allen  and  Pepys  obtained  the  annexed  quantities  of  chaiciaL 
—Fhil.  Trans.  1807. 


I 


B«ech 15.00 

Mahopiiiy 15.75 

Ligiium  y/iun 17.25 


Oak 

Fir 
Box 


17A» 
ia.17 


r;«  prop«niei.  387.  Charcoal  is  a  black,  insoluble,  inodorous,  insipid,  brittle  sub* 
stance  ;  an  excellent  conductor  of  electricity,  but  a  bad  conductor  of 
heat ;  unchanged  by  the  combined  action  of  air  and  moisture  at  com- 
mon temperatures  ;  infu.sible  ;  and  easily  combustible  in  oxygen  gas. 
It  is  capable  of  destroying  the  jtmell  and  taste  of  a  variety  of  vegetable 
and  animal  substances.  (Lowitz,  CrelVi  Annals,  Vol.  ii.  p.  165). 
The  use  of  charring  piles  ;  of  throwing  charcoal  into  putrid  water;  of 
wrapping  it  in  clothes  that  have  accquired  a  bad  smift ;  of  addii^it  to 


90 

H3 

Silpliuroos  acid G5 

&iil|jliuKtte<i  hjcvogen ........  55 

Nkrau  oside 40 

Cubonk  mad 35 
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port  wine,  with  a  view  of  making  it  tawny  ;  depends  upon  the  above 
properties. 

388.  Newlj-made  charcoal  has  the  property  of  absorbing  certain 
quaotities  of  the  different  gases.  Upon  this  subject  the  experiments 
of  M.  Theodore  de  Saussure  are  the  most  recent.  (Tuomson^s 
Jimoils,  Vol.  vi.)  The  charcoal  was  heated  red  hot,  then  suffered  to 
cool  ooder  mercury,  and  introduced  inio  the  gas.  The  following  aro 
therolmnes  of  diflfercnt  gases  absorbed  by  a  volume  of  charcoal  s=s  1. 

BicHrbiiKttrd  hydrog€n 35 

Caiijtiiiic  o2ude 9.42 

Ox)Kcn 9.25 

MtrcifCf'ri 7.5 

C'arbiircllpd  hydrogicn 5 

Hjditigcn    1.75 

The  absorption  was  always  at  its  maximum  at  the  end  of  24  hours. 

389.  The  results  of  these  experiments  are  widely  different  from 
those  of  Count  Morozzo,  {Journal  de  Physique^  1783)  and  of  M.  Rouppe 
(Jfljiaies  de  Oiimit^  Vol.  xxxii.)  It  would  also  appear,  that  this  pro- 
perty depends  upon  the  mechanical  texture  of  the  charcoal,  and  conse- 
quently will  vary  in  the  different  woods  ;  for  by  exposing  the  charcoal 
of  Afferent  woods  to  air,  Allen  and  Pepys  found  that  Uiey  increased 
very  differently  in  weight. 

By  a  week's  exposure,  Charcoal  from 

Lignum  Vitae  gained 9.6  per  cent. 

Fir 13.0  ditto 

Box 14.0  ditto 

Bcecfa 16.3  ditto 

Oak 16.5  ditto 

Mahoguiy 18.0  ditto 

The  matter  absorbed  in  these  cases  consisted  principally  of  aqucou.4 
Tapoar,  which  is  very  greedily  imbibed  by  newly-made  charcoal. 

390.  Carbon  and  Oxygen, — There  are  two  compounds  of  carbon  union  %iih 
tod  oxygen  ;  the  carbonic  oxide  and  the  carbonic  acid.  oxygen. 

391.  Carbonic  Oxide  is  usually  obtained  by  subjecting  carbonic  acid 
to  the  action  of  substances  which  abstract  a  portion  of  its  oxygen. 
Upon  this  principle,  carbonic  oxide  gas  is  produced  by  heating  in  an 
iron  retort  a  mixture  of  chalk  and   charcoal ;  or  of  equal  weights  of 
chalk  and  iron  or  zinc  filings.     It  is  also  obtained  by  heating  a  mixture 
of  equal  parts  of  oxide  of  zinc,  and  clmrcoal ;  but  the  mixture  that  af- 
fords it  most  pure,  is  equal  parts  of  carbonate  of  baryta  and  clean  iron 
filings ;  these  should  be  introduced  into  a  small  earthen  retort,  so  as 
nearly  to  fill  it,  and  exposed  to  a  red  heat :  the  first  portion   of   gas 
being  rejected  as  mixed  with  the  air  of  the  retort,  it  may  afterwards  be 
collected  quite  pure.     The  gas  should  be  well  wa.shcd  with  lime-water, 
and  may  be  preserved  over  water.     The  nature  of  this  gas  was  first 
made  known  by  Mr.  Cruickshanks,  of  Woolwich,  io   1802  (Nichol- 
sox's  4to  Journal y  v.)  ;  and  about  the  same  time  it  was  examined  by 
Messrs.  Clement  and  Desormes.     JInnales  de  Cliimic,  xxxix. 

392.  Its  specific  gravity  to  hydrogen  is  as  14  to  1  ;  100  cubical  inches 
weighing  29.63  grains*.  It  is  fatal  to  animals  extinguidhe.s  tlanic,  and 
bums  with  a  pale  blue  lambent  light,  when  mixed  with,  or  exposed  to 
atmospheric  air. 


•  Spprific  rmvity  £»f  oxygen:  sperific  gravity  ot"  oarbonic  oxido. :  -^ 
Xl=sl.75  t&-  atom  of  caroonic  oxidr,  aliK)  1.75  is  iu^t  14  liuicsO.lJ"^. 
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393.  Whco  a  streiuu  of  carbonic  oxide  is  burnt  under  a  dry  betl'? 
glas<s  of  air  or  oxygen,  no  moisture  whatever  is  deposited,  showii^ 
that  it  contains  no  hydrogen. 

394.  When  bvo  volumes  of  carbonic  oxide,  and  one  of  oiygn, 
are  acted  on  by  the  electric  spark,  a  detonation  ensues,  and  two  vo- 
lumes of  carbonic  acid  are  produced.  Whence  it  appears,  that  car- 
bonic acid  contains  just  twice  as  much  oxygen  as  carbonic  oxide, 
which  may  be  considered  as  a  compound  of  one  volunie  of  ozygit 
and  one  volume  of  gaseous  carbon ;  or  of  one  proportional  of  cuboB 
and  one  of  oxygen,  the  latter  being  so  expanded  as  to  occupy  two  vo- 
lumes. 

395.  Carbonic  oxide  suffers  no  change  by  being  passed  and  fttpm- 
cd  through  a  red-hot  porcelain  tube ;  nor  is  it  decomposed  at  ha^ 
temperatures  by  phosphorus,  sulphur,  nor  even,  according  to  the  ex* 

Seriments   of  Saussure,   by  hydrogen.    {Journal  de  Phynque^  hr.) 
Tone  of  the  metals  exert  any  action  upon  this  gas,  except 
and  sodium,  which,  at  a  red  heat,  bum  in  it  by  abstracting  its 
and  carbon  is  deposited. 

396.  The  representative  number  of  carbon,  as  obtained  by 
dering  this  gas  a  compound  of  one  proportional,  of  carbon  yBpwu  and 
one  of  oxygen,  is  G  ;  and  6  carbon  +  8  oxygen  =14  carbonic  oxide. 

397.  Carbonic  oxide  and  chlorine  combine  and  produce  CUorocsr- 
banic  acid  or.  Phosgene  gas,  as  it  has  been  termed  by  its  discoverer 
Dr.  John  Davy,  in  conseqtience  of  the  mode  of  its  production. 

By  exposing  a  mixture  of  equal  volumes  of  chlorine  and  caiiKmic 
oxide  to  the  action  of  light,  a  condensation  =*0.5  takes  place.  The 
compound  has  a  peculiar,  pungent  odour,  it  is  soluble  in  water,  and 
is  resolved  into  carbonic  and  muriatic  acid  gases.  The  wei^t  of 
chloro-carbonic  acid  to  hydrogen  is  as  50  to  1.  100  cubicel  inches 
weigh  105.85  grains.  It  condenses  four  times  its  volume  of  amiDonia- 
cal  gas,  producing  a  peculiar  compound  of  a  white  colour.-^PW. 
Trans.  1007. 

1398.  Carbonic  acid  may  be  obtained  by  burning  carbon,  either 
pure  charcoal  or  the  diamond,  in  oxygen  gas  :  the  oxygen  snffen  no 
change  of  bulk,  so  that  the  composition  of  carbonic  acid  is  easily 
learned  by  comparing  its  weight  with  that  of  an  equal  yolume  of  pare 
oxygen.  100  cubic  inches  of  oxygen  weigh  33.88  grains  :  100  coUe 
inches  of  carbonic  acid  weigh  46.57  grains,  or  just  22  times  as  heavy 
as  hydrogen,  hence  100  cubical  inches  of  carbonic  acid  must  conMt 
of  33.88  grains  of  oxygen,  -+-  12.70  grains  of  carbon,  and  18.7: 
33.88  :  :6  :  16.     Hence  1  proportional  of  ch'itrcoal  =  6  +  ^  propor- 


*  Snwific  (rmvity  3. 125  (oxygT'n  =  1 ) ;  3.1Z>  X  2  =  6.25  the  atom,  olio,  125  X  5 =6.2S, 
the  followinj^  diai^Fuiu  will  dviiute  its  composition. 


Chlorine. 

Carbunic  oxidp. 

3G 
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Cfalorocarbooic  acid. 


50 


t  Tlio  sp.  pr.  of  Carb.  add  compaml  with  oxygen,  is  as  l.ZVy :  1 ;  now  1. 375  X  2' 
(the  atom)  alio  2.75  it  ju0t  n  times  die  atsn  (0.125)  of  hydrug{«n. 
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Cartoi  vapour. 

Oi)-gen. 

6 

8^8=r16 
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Carbonic  acid. 
=  22. 


)f  oxygCD  ^16  will  constitute  carbonic  acid,  represented  by 
iber22,  or  by  the  following  symbol. 

It  is  not  evident  to  whom  the  combustibility  of  the  diamond 
nrred ;  but  in  the  year  1694  the  Florentine  Academicians 
its  destnictibility  by  heat  by  means  of  a  burning  lens.     The 
I  of  its  combustion  were  first  examined  by  Lavoisier  in  1772, 
seqneDtly  with  more  precision  by  Guy  ton  Morveau,  in  1785. 
t  <^«  Okf'fiau,  xxxi.)     In  1797,  Mr.  Tennant  demonstrated  the 
at  iact,  that  when  equal  weights  of  diamond  and  pure  charcoal 
bmitted  to  the  action  of  red  hot  nitre,  the  results  were  in 
ses  the  same  ;  and  in  1807  the  combustion  of  the  diamond  in 
yfen  was  found  by  Messrs.  Allen  and  Pepys  to  be  attended  with 
y  the  same  results  as  the  combustion  of  pure  charcoal.     Hence 
citable  inference  that  charcoal  and  the  diamond  are  similar  sub- 
in  their  chemical  nature,  differing  only  in  mechaniciil  texture. 
The  following  apparatus  may  be  conveniently  employed  for 
1^  the  results  of  the  combustion  of  the  diamond.     It  consists  of 
^obe,  of  the  capacity  of  about  140  cubical  inches,  furnished 
«p,  having  a  large  aperture  ;  the  stop-cock,  which  screws  into 
,  has  a  jet,  a,  rising  from  it,  nearly  into  the  centre  of  the  globe  ; 
estined  to  convey  a  small  stream  of  hydrogen,  or  other  inilam- 
:as.     Two  wires,  c  c,  terminate  at  a  very  little  distance  from 
ler,  just  above  this  jet,  and  are  intended  to  inflame  the  stream 
ogen  by  electrical  sparks  ;  one  of  them  commences  from  the 
he  jet,  the  other  is  enclosed  and  insulated  nearly  in  its  whole 
n  a  glass  tube  :  the  tube  and  wire  pass  through  the  upper  part 
top-cock,  and  the  wire  terminates  on  the  outside  in  a  ball  or 
at  which  sparks  are  to  be  taken  from  the  machine,  either  di- 
r  by  a  chain.     On  the  end  of  the  jet  is  6xed,  by  a  little  socket, 
:apsule,  b,  made  of  platinum  foil.     This  capsule  is  pierced  full 
holes,  and  serves  as  a  grate  to  hold  the  diamonds.     Its  distance 
three-quarters  of  an  inch  from  the  end  of  the  jet ;  and  the  arm, 
h  it  is  supported,  is  bent  round,  so  that  the  stream  of  hydroj^en 
:  play  against  it.     The  stop-cock  screw^s,  by  its  lower  tennina- 
1  a  small  pillar,  fixed  on  a  stand,  and  at  the  side  of  this  pillar  is  an 
5  by  which  a  bladder  filled  with  gas  may  be  connected  with  the 

nng  the  apparatus,  the  diamond  is  to  be  placed  in  the  capsule  ; 
1  the  globe  being  screwed  on  to  the  stop-cock,  the  latter  is  to 
Ted  from  the  pillar  and  placed  on  the  air-pump  ;  the  globe  is 
be  exhausted,  and  afterwards  filled  with  pure  oxygen  :  or,  lest 
un  of  oxygen  in  entering  should  blow  away  the  diamond,  the 
ly  be  filled  with  the  gas  first,  and  then,  dexterously  taking  oat 
-cock  for  a  short  time,  the  didmonils  may  be  introduced  and  the 
k  replaced.    The  apparatus  is  then  to  be  fixed  on  the  pillar, 
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and  a  bladder  of  hydrogen  gas  attached  to  the  aperture.  Now,  paw 
a  current  of  sparks  between  the  wires,  a  small  stream  of  hydroge 
to  be  thrown  in,  which  inflaming,  immediately  heats  the  capsale 
diamonds  white  hot ;  the  diamonds  will  then  enter  into  combustion, 
the  hydrogen  may  be  immediately  turned  off  and  the  bladder  detacl 
The  diamonds  will  continue  to  bum,  producing  a  strong  white  h 
until  so  far  reduced  in  size  as  to  be  cooled  too  low  by  the  platinum  i 
which  they  lie  in  contact. 

When  the  flame  of  hydrogen  is  used  to  heat  the  diamonds,  it  is  * 
dent  a  little  water  will  be  found  in  the  globe,  but  this  is  of  no  coi 
quence  except  in  attempts  to  detect  hydrogen  in  the  diamond  ;  the 
convenience  may  be  obviated,  if  required,  by  using  the  flame  of  < 
bonic  oxide.  As,  however,  no  hydrogen  has  at  any  time  been  detei 
in  the  diamond,  it  is  better  to  use  that  gas  as  the  heating  agent ; 
then  the  carbonic  acid,  produced  by  the  combustion,  is  unmixed  i 
that  from  any  other  source,  and  may  be  collected,  and«its  quantity 
certained. 


401.  The  following  method  of  illustrating  the  products  of  theo 
bustion  of  the  diamond  was  employed  by  Messrs.  Allen  and  Pel 
(Phil,  Trans,  1807)  :  a  a  are  mercurial  gasometers,  one  of  whid 
hlled  with  pure  oxygen  gas.  The  brass  tubes  6  6,  properly  supplied  i 
stop-cocks  issue  fi  om  the  gasometers,  and  are  connected  with  the  platii 
tube  c  Cy  which  passes  through  the  small  furnace  d,  e  is  a  ^ass  t 
passing  into  the  mercurio-pneumatic  apparatus  by  which  the  gas  \ 
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6e  drawn  oat  of  the  gasometers  into  convenient  receivers.     A  given 
wdgbt  of  diamond  is  introduced  into  the  centre  of  the  platinum  tube, 
vhichis  then  heated  to  bright  redness,  and  the  gas  passed  over  it,  back- 
wvdi  and  forwards,  by  alternately  compressing  the  gasometers.     Car- 
bonic acid  is  soon  formed,  and  it  will   be  found  that  the  increase  of 
we%ht  sustained  by  the  oxygen  is  equivalent  to  that  lost  by  the  dia- 
mond ;    that  the  oxygen  undergoes  no  change  of  bulk  ;  and  that  the 
Rsolts  arc,  in  all  respects,  similar  to  those  obtained  by  a  similar  com- 
bortioQ  of  perf(M:tly  pore  charco«n1. 
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402.  Carbonic  acid  is  a  most  abundant  natural  product  ;  the  best 
mode  of  procuring  it  for  experiment  consists  in  acting  upon  marble 
(643)  (^carbonate  oj  lime)  by  dilute  muriatic  acid. 

For  this  purpose  the  marble,  in  small  fragments,  is  introduced  into 
the  two-necked  bottle  a,  and  covered  with  water  ;  muriatic  acid  i« 
then  slowly  poured  down  the  funnel  6,  which  causes  an  immediate  ef- 
fervescence, and  the  gas  passes  through  the  bent  tube  c,  into  the  inverted 
jar  d.  When  the  action  ceases,  it  may  be  renewed  by  the  addition  of 
fresh  arid,  until  the  whole  of  the  marble  is  dissolved. 
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;„  of  403.  Carbonic  acid  may  be  collected  over  water,  but  mnst  t 
:><i'' served  in  veesela  with  glass -stoppers,  since  water,  at  common  < 
rature  and  pressure,  takes  up  its  own  Tolunie  :  under  a  sreraure 
atmospheres  it  disBolves  twice  its  volume,  and  so  on.  It  thns  h* 
brisk  and  tart,  and  reddens  delicate  vegetable  bines.  Bj  (n 
boiling,  or  exposure  to  the  vacuum  of  the  air-pump,  the  gaa  I 
off. 

404.  The  effervescent  quality  of  many  mineral  waters  is  rei 
to  the  presence  of  this  gas,  and  they  are  often  imitated  by  coixi 
carbonic  acid  into  water,  either  by  a  condensing  pump,  of  whic 
scription  is  ^ven  by  Mr.  Pcpys  (Q«ar<crly  Jovmal  of  Science  aa 
Vol.  iv.  p.  305)  or  fay  a  Nooth's  apparatus,  as  represented  in  t 
lowing  wood-cut.  It  consists  of  three  vessels,  the  lowest,  a,  i 
broad,  so  as  to  form  a  steady  support ;  it  contains  the  materii 
evolving  the  gas,  such  as  pieces  of  marble  and  dilute  muriatic  i 
which  fresh  supplies  may  occasionally  be  introduced  throng  tb 
ped  aperture.  The  gas  passes  throngh  the  tube  b,  in  which  u 
valve  opening  upwardii,  into  the  vessel  c,  containing  the  water  o 
tion  intended  to  be  saturated  with  the  gas,  and  which  may  occad 
be  drawn  off  by  the  glass  stop-cock.  Into  this  dips  the  tnbe  oTti 
permost  vessel  d,  which  occasions  some  pressure  on  the  gas  in  c,  i 
so  produces  a  circulation  and  agitation  of  the  water.  At  the  top 
a  heavy  conical  stopper,  which  acts  as  an  occasional  Ttlve,  md 
up  adegreeofpreBSoreintheTesaels. 
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405.  Gari>oaic  acid  is  unrespirablc,  and  it  extinguishes  flame. 
Ill  weight  may  be  shown  by  placing  a  lighted  taper  at  the  bottom  of  a 
tiUgUu  jar,  and  then  pouring  the  gas  out  of  a  bottle  into  it,  in  the  manner 
rf  ■  liqind ;  it  descends  and  extinguishes  the  flame,  and  will  remain 
iliNft  ^iomt  in  the  lower  part  of  the  vessel.  Hence  in  wells,  and  in 
KMBe  carems,  carbonic  acid  frequently  occupies  the  lower  parts,  while 
ftespper  parts  are  free  from  it.     The  miners  call  it  choak  damp. 

406.  The  presence  of  carbonic  acid  is  instantly  detected  by  lime 
Mlcr(621),  which  it  renders  turbid,  and  causes  a  deposit  of  a  white 
matter,  which  is  catifonate  of  lime.  The  addition  of  water,  saturated 
with  carbonic  acid,  to  lime  water,  also  occasions  a  milkiness  from  the 
same  cause.  If  excess,  either  of  the  gas  or  of  its  aqueous  solution,  bo 
added  to  the  lime  water,  the  precipitate  is  re-dissolved,  carbonate  of 
lime  being  soluble  in  carbonic  acid  (642.) 

407.  As  all  common  combui^tiblcs,  such  as  coal,  wood,  oil,  wax,  tal- 
low, 4rc.,  contain  carbon  a^  one  of  their  component  parts,  so  the  roni- 
bustion  of  these  bodies  is  always  attended  by  the  production  of  carbon- 
ic acid.  It  is  also  produced  by  the  respiration  of  animals  ;  hence  it  i^ 
detected,  often  in  considerable  proportion,  in  crowded  and  illuminatod 
room^,  which  arc  ill  ventilated,  and  occasions  ditliculty  of  breatiiin^. 
giddiness,  and  faintncss.  In  the  atmosphere  it  may  also  be  detectoil 
(303),  varying  in  quantity  from  1  to  0.1  per  cent. 

40B.  As  carbonic  acid  is  usually  retained  in  combination  bv  ver\ 
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feeble  affinity,  so  it  is  evolrcd  from  most  of  the  carbonates  by  the  sim- 
ple operation  of  heat.  Thus  chalk,  when  heated,  gives  out  carbonic 
acid,  and  becomes  quicklime.  It  is  also  evolved  from  its  combinatioM 
by  most  of  the  other  acids ;  and  if  nitric,  muriatic,  or  sulphuric  acid» 
be  poured  upon  the  carbonates,  the  presence  of  carbonic  acid  is  iufi- 
cated  by  effervescence, 

409.  in  Section  398,  the  nature  of  carbonic  acid  has  been  syntheti- 
cally demonstrated.  It  may  be  analyzed  by  the  action  of  the  metd 
potassium,  which  is  capable  of  abstracting  its  oxygen,  and,  with  theudi 
of  heat,  burns  in  it  with  great  splendour  ;  charcoal  is  deposited,  and 
an  oxide  of  potassium  is  formed.  In  tliis  and  in  some  other  cases,  oxy« 
gen  is  seen  alternately  producing  acid  and  alcali.  if  carbonic  add, 
obtained  by  burning  the  diamond  in  oxygen,  be  thus  decomposed  W 
potassium,  the  carbon  makes  its  appearance  in  tlie  form  of  ciiarcoal, 
equal  in  weight  to  the  diamond  consumed. 

410.  There  are  some  other  substances  which  at  high  temperatnreSt 
are  capable  of  decomposing  carbonic  acid,  and  abstracting  part  of  its 
oxygen  ;  thus,  if  a  mixture  of  two  parts  of  hydrogen  and  one  of  car- 
bonic acid,  by  volume,  be  passed  through  a  red-hot  tube  in  the  appara- 
tus represented  at  page  99,  water  is  formed,  and  carbonic  ovde 
passes  into  the  receiver  (/,  mixed  with  the  excess  of  hydrogen. 

411.  If  carbonic  acid  be  passed  over  red-hot  charcoal,  it  becomes 
converted  into  carbonic  oxide  by  taking  up  an  additional  proportion  of 
base.  The  blue  flame,  often  seen  upon  the  surface  of  a  ctiaFCoal  fire, 
arises  from  the  combustion  of  the  carbonic  oxide  formed  in  this  way ; 
the  air  entering  at  bottom,  forms  carbonic  acid,  which,  passing  through 
the  red-hot  charcoal,  becomes  converted  into  carbonic  oxide. 

412.  At  a  bright  red  heat,  iron  decomposes  carbonic  acid,  by  ab- 
stracting a  portion  of  its  oxygen,  and  forming  oxide  of  iron  and  carbo- 
nic oxide. 

413.  Carbonic  acid  and  ammonia — Carbonate  of  ammonia, — These 
gases  readily  combine,  and  produce  one  of  tlie  most  useful  and  best 
known  of  the  ammoniacal  compounds. 

When  one  volume  of  carbonic  acid  and  two  volumes  of  anunonii 
are  mixed  in  a  glass  vessel,  over  mercury,  a  complete  condensation 
ensues,  and  a  carbonate  of  ammonia  is  produced. 

it  consists  of  17  ammonia  +  22  carbonic  acid,  and  is  representetT 
by  39. 


I 


Carbonic  Acid 


ev.> 


Anuiionia 


17 


=  39. 
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414.  If  water  be  present,  it  so  far  overcomes  the  elasticity  of  the 
^,  as  to  enable  the  salt  formed  to  take  up  another  volume  of  car- 
Mmic  acid*  and  thus  a  bicarbonate  is  formed. 

415.  Carbonate  of  ammonia  crystallizes  in  octoedrons,  though  it  is 
gncraDy  met  with  in  cakes  broken  out  of  tlic  subliming  vessel,  being 
obtained  by  sublimation  from  a  mixture  of  muriate  of  ammonia  and 
carbonate  of  lime. 

The  results,  however,  of  this  decomposition  are  not  strictly  speaking, 
cvbonate  of  ammonia  and  muriate  of  lime,  but  carbonate  of  ammonia, 
iiater,  and  chloride  of  calcium,  the  two  former  being  in  combination, 
10  that  tLkydraied  carbonate  of  ammonia  is  always  obtained. 

Supposing  the  materials  perfectly  dry,  the  water  is  formed  by  the 
anion  of  the  hydrogen  of  the  muriatic  acid  with  the  oxygen  of  the 
Km,  as  shown  in  the  following  diagram  : 

Hydnted  Carbonate  of  Ammonia. 


I  Amnonia 


Carbonic 
Acid. 


Slwnlrof 


Water 


\   Car^Mnate 
)     o(  Liiiui. 


r^ 


mmm^^^ 


I      Acid.   )  Chlonne 


0\ 
Ca^ 


Iciiun  { 


Lime 


Chloride  of  Calciunu 


416.  Mr.  Richard  Phillips  has  shown  {quarterly  Journal,  vii.  294) 
diat  the  carbonate  of  ammonia  of  commerce,  the  ammonia  subcarbonas 
of  the  Pharmacopcnaj  is  a  compound  of 


3  Proportionals  of  Carbonic  acid  ....    22    X    p 

2  Ditto Ammonia 17     X    2 

Z  Ditto Water 9X2 


=  66 
=  34 
=  18 
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Its  odour  is  pungent ;  its  taste  hot  and  saline  ;  it  reddens  turmeric,  and 
renders  blues  green.  A  pint  of  water  at  60^  dbsolves  rather  less  than 
4  ounces.  This  solution  is  directed  in  the  PharnuicopfBia,  under  the 
name  of  Liquor  Ammonia  Subcarbonaiis. 

41".  By  exposure  to  air,  carbonate  of  ammonia  loses  its  odour,  and 
ceases  to  act  upon  turmeric  paper.  In  this  state  it  may  be  considered 
a»  an  k^draUd  bicarbonate  of  ammonia,  and  is  composed,  according  to 
Phillip**,  of 

2  Proportionals  of  Carbonic  acid  .  .  22  X  2  =  44 

1  Ditto Ammonia =17 

2  Ditto Water    9X2=18 

79 

Omittingthe  water,  therefore,  it  appears  that  there  are  three  com- 
pounds  of  carbonic  acid  and  ammonia.    The  carbonate  composea  ot  i 

T 
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proportional  aciH  +  1  base  ;  the  sesqui -carbonate  composed  of  l.Bwtai 
4-1  base  ;  and  the  bi-c.irbonate  of  2  acid  +  1  base. 
--  .^     .  418.  Carbtm  and  Chlorine, — Mr.  Farada}'  has  ascertained  that, by  df^  ' 

boaud  ehio- posing  carbiiretled  hydro«;en,  mixed  v>ith  great  excess  of  chlorineytt 
'^'^'  the  action  of  light,  a  white  crystalline  substance  is  formed,  which,  wh^ 

purified  by  vashing  with  water,  is  a  perchloride  of  carbofi.  This  9fi^ 
stance  is  nearly  tastoless  ;  its  odour  resembles  camphor ;  its  spedift 
grarity  is  about  2  ;  it  is  a  nonconductor  of  electricity.  It  is  volatik» 
and  in  close  vcfscIs  fuses  at  320",  and  boils  at  360**.  It  is  not  Ten 
combustible,  but  burns  when  held  in  the  flame  of  a  spirit  lamp,  wili 
the  omission  of  much  smoke  and  acid  fumes.  It  is  insoluble  io  water« 
but  readily  soluble  in  alcohol  and  ether  ;  these  solutions  deposit  oiIkH 
resf:ent  and  quadrangular  crystids.  It  also  dissolves  in  volatile  and  fix- 
ed oils.  It  is  scarcely  acted  upon  by  alcaline  and  acid  solutions  ;  but 
most  of  the  metals  decompose  tliis  substance  nt  a  red  heat.  Potassiom 
burns  brilliantly  in  its  vapour,  causing  the  deposition  of  carbon,  and 
the  production  of  chloride  of  potassium.  The  metsdlic  oxides  also  de* 
compose  it  at  high  temperatures,  producing  metallic  chlorides,  and 
carbonic  acid  or  oxide,  according  to  the  proportion  of  oxygen  present; 
no  water  is  produced,  showing  the  absence  of  hydrogen  in  the  com- 
pound. It  appears,  from  various  analytical  experiments  upon  this  com- 
pound, among  which  may  be  mentioned  its  decomposition,  by  passing  it 
through  rod-hot  peroxide  of  copper,  that  100  parts  aflbrd  10  carbon  + 
'K>  cliiorine  ;  whence  it  would  appear  to  consist  of 

2  PcoponioMiil^t  of  (Tnrt)ou 6  X  2  b:    12 

't  Dido  ('hlt)riiiv     36  X  3  ^  108 

419.  When  the  above  percbloride  of  carbon  is  passed  through  a 
red-hot  tube,  containing  fragments  of  rock-crystal  to  increase  the  heat- 
ed surface,  it  gives  oO'  a  portion  of  chlorine,  and  is  convened  into  a 
liquid  protorhlon'de  of  carbon.  It  is  a  limpid  colourless  fluid,  specific 
gravity  1.65,  and  not  combustible,  except  retained  in  the  flame  of  the 
spirit-lamp,  wlien  it  burns  with  a  yellow  flame,  much  smoke,  and  fiimcfl 
of  nuiriatic  acid.  It  does  not  congeal  at  0^  ;  it  rises  in  vapour  at  about 
J 65**.  It  is  insoluble  in  water,  but  soluble  in  alcohol,  ether,  aud  the 
oils.  It  is  not  alfcctcd  by  the  acids  or  alcalis,  nor  at  common  tempe- 
ratures, by  solutions  of  silver.  It  dissolves  cliiorine,  iodine,  sulphur, 
and  phosphorus.  It  aft'ords,  when  decomposed,  17  carbon  +  83  chlo- 
rine ;  whence  it  may  be  inferred  to  consist  of 

1  i'mpc^rlional  rarlmn :=    6 

1  Ditto  ihiurine m^  liO 

42 

420.  Carbon  a. id  Hydrogen — CarbitrcUed  Hydrogen — Ohfiant  Ga#— 
h^Jn^    ^y<^ro5:urf(  of  Carbon, — Carbon  and  hydrogen  combine  and  form  ole- 

fiant  gas,  consisting  of  1   proportional  of  carlmn  +  I   of  hydrogen.* 
Its  composition  will  lie  12  carbon      ^  two  volimies  of  each 

S  hydrogen  \  condensed  to  one. 

14 


•  Jt»  specific  (rravity  compared  with  ox\p«n,  as  0,875  :  1 ;  now  0.875  X  2  =  1.75  (lb* 
atum,)  alK),  1.75  is  just  14  times  the  atom  ((f.l35)  of  hydrogen. 
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.  It  Is  usofdly  obtained  bj  the  decomposition  of  alcohol  by  snl- 
acid.  For  tliis  purpose  four  partu  of  the  acid  and  one  of 
1  are  put  into  a  retort,  and  heated  by  a  lamp.  Soon  after  the 
«  boils  the  gas  is  evolved,  it  may  be  collected  over  water ;  its 
e  gravity  to  hydrogen  is  14.    100  cubic  inches  weigh  29.638 

This  gas  is  inflammable,  burning  with  a  bright  yellowish 
lame.  One  part  by  volume  requires,  for  perfect  combustion, 
of  oxygen,  and  two  of  carbonic  acid  are  produced.  When 
r  ia  heated  in  one  volume  of  this  gixSy  charcoal  separates,  and 
Ivmev  of  sulphuretted  hydrogen  result.  As  hydrogen  suffers 
1^  of  volnme  by  combining  with  sulphur,  it  follows  that  ole-* 
s  contains  two  volumes  of  hydrogen  condensed  into  one,  hence 
mtity  of  oxygen  required  for  its  combustion. 

This  gas  is  aUo  decomposed  by  heat  alone,  as  by  passing  and 
ing  it  through  a  red-hot  tube  of  earthenware  or  metal ;  it  then 
Is  its  carbon,  and  is  expanded  into  twice  its  original  volume  of 
lydrogen. 

.  The  following  symbols  show  that  one  volume  or  proportional 
»  gas,  mixed  with  three  of  oxygen,  are  converted  into  water  and 
lie  acid,  the  hydrogen  being  expanded  to  two  volumss,  or  its 
nlk. 

Before  detonation. 


C.  Hydrogen 
641 

Osvgcn 

• 

8. 

8. 

Ailer  detonation. 


(>drogtn 
1. 


Oxvgen 
'8. 


CniboA 
G. 

Oxvgen 

8. 

a. 

1 

>  s 


m  gas,  therefore,  is  constituted  of  1  proportional  of  carbon  =C 
proportional  of  hydrogen  —  1,  and  iU*  number  is  7. 
3.  When  carburetted  hydrogen  is  mixed  with  chlorine  in  the  pro- 
>n  of  1  to  2  by  volume,  the  mixture  on  inllammation  produces 
itic  acid,  and  charcoal  is  abundantly  deposited  ;  but  if  the  two 
be  ipixed  in  an  exhausstod  vessel,  or  over  water,  they  act  slowly 
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upOD  each  other,  and  a  peculiar  fluid  i^  formed,  which  appears  like  • 
heavy  oil  ;  lience  thi!?  compound  ha»  been  termed  oieHant  gas. 

42G.  Chloric  ether  i^  the  term  apphed  to  thiii  fluid  by  Dr.  Thomson,  wh» 
in  181(1,  ascertained  that  iXi  component  parts  were  chlorine  and  car- 
buretted  hydrogen.  It  has  more  lately  been  examined  by  M.  M.  Ro- 
Liquet  and  Colin  (Annate*  de  C'him.  et  Phys,  Vols.  i.  and  ii.)  The 
term  hydrochloride  of  carbon  may  properly  be  applied  to  it.  It  mm 
be  formed  by  allowing  a  current  of  each  gas  to  meet  in  a  proper  recei- 
ver ;  there  i^hould  be  excess  of  olefiiint  gas,  for  if  the  chlorine  be  in 
cxcei^s,  the  liquid  abi^orl^  it.  It  is  transparent  and  coloarless ;  its 
taste,  (iwcet  and  somewhat  acrid  ;  its  specific  gravity  =1.2.  it 
boils  at  1  bU^.  It  bums  with  a  green  flame,  evolving  muriatic  acid,  and 
lai^ely  depositing  charcoal.  As  it  is  produced  by  equal  volumes  of 
chlorine  and  carbu retted  hydrogen,  it  is  probably  a  compound  of  one 
proportional  of  chlorine  and  two  of  carburetted  hydrogen  ;  or  of 

C:h!ririne 36 

r  arfxm Ii 

fhtlrugcn 2 

50 

427.  From  some  recent  experiments  made  at  the  Royal  InstitatioD 
liy  Mr.  Faraday,  it  appears  that,  by  exposing  this  hydrochloride  of  car- 
bon to  the  action  of  excess  of  chlorine,  muriatic  acid  and  chloride  of 
carbon  are  the  results. 
DoioB  with  428.  When  iodine  and  carburetted  hydrogen  are  exposed  to  the  ac- 
tion of  light  they  combine,  and  form  a  hydriodidt  tf  carbon.  This 
compound  was  first  obtained  in  the  Laboratory  of  the  Koyal  Institution, 
by  .Mr.  Faraday ;  and,  reasoning  analogically  upon  the  facts  already 
stated,  in  respect  to  the  chloride  of  carbon,  it  is  probable  that  it  may 
lead  to  the  discovery  of  an  iodide  of  carbon^  but  that  compound  hsf 
not  as  yet  been  formed. 

The  hydriodidc  of  carbon  is  a  white  crystalline  solid,  volatile  with- 
out decomposition,  and  in  many  respects  analogous  to  the  hydrochlo- 
ride of  carbon  ;  iU  tiLste  is  sweet  and  its  odour  aromatic. 

429.  A  gas,  containing  carburetted  hydrogen,  is  often  generated  in 
stagnant  ponds  ;  and  by  passing  the  vapour  of  water  over  red-hot  char- 
coal, or  by  distilling  moi!>t  charcoal  in  an  iron  retort,  at  a  red  heat,  and 
washing  the  gas  tiius  afforded  in  lime-water,  by  which  the  carbonic  acid  is 
a^eparated,  a  similar  compound  is  said  to  be  obtained. 

*The  specific  gravity  of  these  gases  is  liable  to  great  variation,  100 
cubical  inches  weighing  from  1^  to  20  grains. 

They  burn  with  a  piiler  flame,  and  require  less  oxygen  than  olefiani 
gas  for  perfect  combustion. 

430.  It  lias  gcncrsdly  been  stated  that  these  gases  contain  a  definite 
compound  of  1  proportional  of  carbon  and  2  of  hydrogen,  to  which  the 
term  bi-hydrogurei  tf  carbon,  or  light  hydrocarboiiate,  has  been  applied. 
From  many  experimcnLs,  however,  on  this  subject,  1  am  induced  to 
consider  thenuis  mixtures  of  olefiant  gas  and  hydrogen,  since  I  have  never 


lolioc. 


I 


"  TU-  sp.  ^r.  (actordirijij  to  Thomson)  is  to  oxvfrf.n  an  0.5 ;  1 ;  now  0.5  X  2  =  1  (atom) 
rf!^o  1  i«  iubi  U  tinicb  (0.  W3)  the  at«jin  of  hydrc«tji,  3  ui!<o  rturescuts  its  »p.  «.  wiien  mdro 
yiii  IS  lakvii  ^1.  *  r-  o  . 
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been  able  Co  obtiin  any  other  definite  compound  of  carbon  and  hydro- 
fen,  thaa  defiant  gas  ;  and  since  they  may  be  imitated  by  mixtures  of 
•If  fiit  and  hydrogen  gates,  of  the  same  specific  gravities*. 

43.1.  These  mixtures  are  abundantly  produced  during  the  destruc-  ^  . 
tive  dJafflhlion  of  common  pit-coal ;  and  the  gas  thus  obuuned  is  em-  ^**' 
ployed  br  the  purooses  of  illumination,  as  an  economical  substitute  for 
tallow,  oil,  4^.  This  process  is  carried  on  upon  a  very  extensive 
scale  in  Londcm,  in  several  public  and  many  private  establishments. 
The  cosd  is  placed  in  oblong  cast-iron  cylinders,  or  retorts,  which  are 
nnged  in  fiirnaces,  to  keep  them  at  a  red  heat,  and  all  the  volatile  pro- 
dncii  are  conveyed  by  a  conunon  tube  into  a  condensing  vessel ,  kept  cold 
by  innienion  in  water ;  and  in  which  the  water,  tar,  ammoniacal,  and 
•Cher  condensible  vapours,  are  retained ;  the  gaseous  products  consist 
yraicipnUy  of  carbnretted  hydrogen,  sulphuretted  hydrogen,  and  car- 
bonic oxide,  and  acid :  these  are  passed  through  a  mixture  of  quick- 
Mme  and  water  in  vessels  called  purifiers^  by  which  the  sulphuretted 
hydrogen  and  carbonic  gases  are  absorbed,  and  the  carbnretted  hydro- 
gen and  hydrogen  gases,  transmitted  sufficiently  pure  for  use  into  gasome- 
Inrs,  whence  the  pipes  issue  for  the  supply  of  streets,  houses,  ^l\ 
The  coke  remaining  in  the  retorts  is  of  a  very  good  quality  t. 

432.  The  avera^  specific  gravity  of  purified  coal-gas  is  0.4600. 
100  cnhical  inches  wei(^  from  14  to  15  grains,  and  it  may  be  consider- 
ed as  a  miztare  of  about  65  volumes  of  hydrogen,  and  15  of  olcfiant 

433.  The  best  kind  of  coal  for  distillation  is  that  which  contains  most 
MCimen  and  Icnst  sulphur.  The  chaldron  should  yield  about  12000 
cnbical  feet  of  purified  gas,  of  which  each  Ars;and*s  burner,  equal  to 
■X  wax  candles,  may  be  considered  as  consuming  from  four  to  five  cw- 
bical  feet  per  hour. 

434.  The  economy  of  gas  illumination  may  be  judged  of  by  examin- 
ing the  value  of  the  products  of  distillation  of  a  chaldron  of  coals,  tlit*. 
iverage  cost  of  which  may  be  considered  as  3/.     It  should  afford — 

1  i  Chaldiai  of  coke,  at25f Ill    :i 

34     GaUoDS  of  tar  and  ammoniacal  liqaor,  at  3<^. .  .    0    6    0 
12000      Cntic  feet  of  gas,  at  ISf.  per  lUOU  C.F 9    0    0 

£10  17    J 

These  products  are  taken  at  their  lowest  value,  but  they  afford  am- 

egronnds  for  showing  the  advantage  of  gas  illumination,  not  merely 
public  purposes,  but  also  in  private  establishments.  It  appears 
that  where  more  than  fifty  lights  are  required,  a  coal-gas  apparatus  will 
be  found  profitable. 


^rct  the  specific  pvvity  of  bihjrin^uret  of  cartxiii  or  cariiiiretti'd  hyiunr*  u, 
^J55,  wfeich  at  a  mean  tcmpermture  uiakck  100  c.  i.  weigh  Iti.U'J  ^rain? — it-  a4u\)'jy\Ut'ii  ;■ 
•bupvao. 

Carbon 0.416 =(1  vol./ 

Hydrvgrn O.U»iH4  X  2  ...  .  ='2  V'J^.; 

^  Mr.  PkrfcfCT,  of  Liverpool,  (PhiL  Ma^.  \*A.  Hi.  p  2{^2,;  hai  pn^p'^scd  fo  |xi*>s  t!K'  t;^ .  h^ 
•leunrt  trum  ^  c«Jkl  retorts  thruu'^h  rrru-hot  irui  tunes,  by  ivhii  u  tin-,  f-rxi'ainiimtini;  K-tm- 
lodTapaim  arc  furtbt-r  cWtniipoM.-d,  :uk1  l^t**  quaiitit)  ot  U!<«'l'iil  vHt  iiiu<h  Iri'  n:a«if:ti.     Thi- 
■OMJcn,  if  h  itt<:«  ceded,  wuiiid  znrstily  diiniiiibli  tlic  quimi!!;,  oi  t..r,  ivhi>  h  i-  t^**-  <>fily  uw 
ksiprcidact;  but  a«  carftirvitted  hydrrr^en  !a  dfcr^niptiy  d  at  a  n  dl.r  ;tt,  it  will  ohviry  J*.  u»/ 


I 
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43  j.  Mesjirs.  J.  and  P.  Taylor  have  lately  constructed  an  ^vpfianitwi 
Oil  gmf.  ^^^  ^j^^  converHion  of  oil  into  gas.  It  consists  of  a  furnace  with  a  con- 
torted iron  tube  containing  fragments  of  brick  or  coke,  passing  throag^ 
it,  into  which,  when  red-hot,  the  oil  is  suft'ered  to  drop  ;  it  is  decom- 
posed, and  converted  almost  entirely  into  charcoal,  which  is  deposited 
in  the  tube,  and  into  a  mixture  of  curburcttcd  hydrogen,  and  hydrogea 
gases,  of  winch  from  two  to  three  cubic  feet  may  be  regarded  as  equi- 
valent to  live  or  six  of  coal-gas,  for  the  production  of  light.— ^iMiWeWf 
Journal y  Vol.  viii. 

The  commonest  whale-oil,  or  even  pilchard-dregs,  quite  unfit  for 
burning  in  the  usual  way,  afford  abundance  of  excellent  gas.  requiriiig 
no  other  puritication  tlran  passing  through  a  refrigerator,  to  free  it  of  a 
quantity  of  empyreumatic  vapour. 

436.  A  ir«^llonof  whale-oil  aiSbrds  about  100  cubical  feet  of  gas,  and 
an  Argand  burner,  equal  to  seven  candles,  consumes  a  cubical  foot  and 
a  half  per  hour.  The  cost  of  a  lamp  fed  by  oil  or  coal  gas,  and  giving 
the  light  of  seven  candles  will  be  3  farthings  per  hoar. 

Of  Argand's  lamp  with  spermaceti  oil  3d. 

Mould-candles 3^ 

Wax-candles 14 

437.  By  a  series  of  experiments,  conducted  with  every  requisite 
caution  {Phil.  Trans.  1820,  p  23,)  I  found  that,  to  produce  the  light 
of  ten  wax  candles  for  one  hour,  there  were  required 

2600  cubical  inches  of  pure  carbiircttcd  hydm^n  or  olefiant  g;ts. 

4873 oil  uns. 

131^    coJiTgai 

438.  The  fitness  of  the  gas  obtitincd  from  coal  for  the  purposes  of 
illumination,  is,  ceteris  paribus^  dependent  upon  the  quantity  of  carba- 
rettctl  hydrogen,  or  oletiant  ;;as,  which  it  contains  ;  and,  consequent- 
ly, the  fitness  of  the  purified  mixed  ^as  for  illumination,  will  be  direct- 
ly as  its  spocitic  gravity  ;  or,  the  n^iitive  proportion  of  olefiantgas 
may  be  ju(lged  of  by  mixing  the  purilieJ  coal  gas  with  twice  its  volume 
of  chlorine  over  water,  by  which  the  oleiiant  gas  will  be  alnorbed, 
and  its  quantity  shown  by  tlie  amount  of  the  absorption  which  takes 
place. 

439.  Experiments,  thus  conducted,  show  thsit  purified  coal  gas  sel- 
dom contains  more  than  40  per  cent,  in  volume  of  carburetted  hydro- 
gen, while  oil  gas  generally  alTords  about  75  per  cent,  ;  hence  its  su- 
periority for  burning,  and  the  relatively  small  quantity  consumed. 

Dr.  Henry  {PkiL  Trans,  1808,)  has  given  some  important  experi- 
ments upon  the  production  of  gas  from  coal,  by  which  it  appears  that 
its  composition  is  very  \arious  at  different  stages  of  the  distillatioo. 
The  mode  of  distillation  also  affects  the  quantity  and  quality  of  the 
products. 

440.  An  account  of  the  apparatus  for  the  production  of  coal  ga9» 
and  of  its  construction  ami  expense,  will  be  found  in  the  Treatises  on 
(jiis  Lights^  by  Mr.  Accum  and  Mr.  Peckston. 

■'y-'-iy  lamp.  441.  A  mixturc  of  carburetted  hydrogen  and  hydrogen  is  contained 
abundantly  in  coal  strata,  from  tissures  in  which  it  is  sometimes  evolved 
in  large  quantities,  forming  what  in  the  lan>;uage  of  the  north  country 
jDJaers,  is  called  a  hloiser.     When  this  gas  has  accumulated  in  any  part  of 
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the  g^illeiy  or  chamber  of  a  mine,  so  as  to  be  mixed  in  ccrlnin  proportion*^ 
with  commoD  air,  the  presence  of  a  lighted  candle,  or  lamp,  cause»  it 
to  explode,  and  to  destroy,  injure,  or  burn,  wh;itever  is  exposed  to  its 
Tiolence.  The  miners  are  either  immediately  killed  by  the  explosion, 
and  thrown,  with  the  horses  and  machinery,  tiirough  the  shaft  into  the 
air,  the  mine  becoming  as  it  were  an  enormous  piece  of  artillery  from 
whkh  they  are  projected  ;  or  they  are  gradually  suffocated,  and  under- 
fo  a  more  painful  death  from  tlie  carbonic  acid  and  nitrogen  remain- 
ing ID  the  mine,  after  the  explosion  of  ihefire  damp ;  or  what,  though 
it  appears  the  mildest,  is  perhaps  the  most  severe  late,  they  are  burn- 
ed or  maimed,  and  oAen  rendered  incapable  of  labour  and  of  healthy 
enjoyment  for  life. — Davy,  on  ihe  Safety^Lamp  for  Coal  Miners^  Lon- 
don, 1818. 

Sir  H.  DavY,  in  the  treatise  just  quoted,  has  given  a  sketch  of  diffe- 
rent,  but  ineffectual,  contrivances  of  others,  for  the  prevention  of 
these  dreadful,  and  hitherto  freqjuently  occurring,  accidents  ;  and  has 
described  the  train  of  investigation  by  which  he  was  led  to  the  disco- 
very of  a  remedy  at  once  simple  and  efficient,  and  which  has  already 
been  submitted  to  repeated  and  successful  trials. 

442.  The  properties  of  flame,  and  the  principle  of  safety  adopted  in 
tins  lamp,  have  already  been  adverted  to  (192).  It  h  obvious,  from 
what  has  there  been  said,  that  if  the  flame  of  a  common  hunp  bo  everv 
where  properly  surrounded  with  wire-gauze,  and  in  that  state  immers- 
ed into  an  explosive  gaseous  mixture,  it  will  be  inadequate  to  it<  in- 
flanmiation,  that  part  only  being  burned  which  is  Tcithin  the  cage,  com- 
mnoication  to  the  inflammable  air  without  being  prevented  by  the  cool- 
ing power  of  the  metallic  tissue  ;  so  that  by  such  a  lamp  the  explosive 
mixture  will  be  consumed,  but  cannot  be  exploded. 

443.  The  following  wood  cut  is  a  representation  of  tlic  Safety  lamp, 
a«  recommended  for  general  use  by  Sir  H.  Davy,  a  is  a  cylinder  oi 
wire-f^uze,  with  a  double  top,  securely  and  carefully  fastened,  by 
doubling  over,  to  the  brass  rim  b,  which  screws  on  to  the  lamp  c.  The 
whole  is  protected  and  rendered  convenient  for  carrying,  by  the  frame 
and  ring  d.  If  the  cylinder  be  of  twilled  wire-gsiuze,  the  wire  should 
be  at  least  of  the  thickness  of  one-fortieth  of  an  inch,  and  of  iron  or  cop- 
per, and  SO  in  the  warp,  and  IG  or  IC  in  the  weO.  If  of  plain  wire 
gauze,  the  wire  should  not  be  less  than  one-sixtieth  of  nn  inch  in  thick- 
ness, and  from  28  to  30  both  warp  and  woof. — Daw.  on  the  Safety 
Lamp,  p.  1 14,  et  ietf. 

The  operation  ol  this  lamp  may  be  shown  on  a  small  scale  by  sus- 
pending it  in  a  glass  jar,  and  then  admitting  a  suflicient  stream  of  coal  ga<4 
to  render  the  enclosed  atmosphere  explosive.  The  flame  of  the  lamp 
first  enlarges,  and  is  then  extinj^uishcd,  the  whole  of  the  cage  being  till- 
ed with  a  lambent  blue  light ;  on  turning  ofl*  the  supply  of  gas  tliis  ap- 
pearance gradually  ceases,  and  the  wick  becomes  rekindled,  when  the 
atmosphere  returns  to  its  natural  state. 

A*  the  iaftty  of  these  lamps  entirely  depends  upon  the  perfect  state 
of  the  wire  gauze,  and  upon  the  non-existence  of  any  aperture  or  chan- 
nel sufliciently  large  to  a<!mit  of  the  passage  of  flame,  the}'  should, 
when  in  use  in  a  coal  mine,  beinepected  daily  to  ensure  their  sound- 
ness in  these  respect**. 


4!4.  The  aualj'sis  ofamiitnrc  ofhydroeeii  with  cnrbuMStedhjdM- 
gen,  curbonic  oxide,  and  carbonic  acid,  preseDts  peculiar  difficnl'  '^ 
the  ordinary  mode  of  proceeding;  aod  oa  it  often  requires  to  be  f 
formed  in  investig;»tioDs  relating  to  the  gases  used  for  illuminatioc . 
became  an  object  to  facilitate  the  process,  for  which  I  have  used  fl 
fallowing  plan : 

A  hundred  measures  of  the  gas  are  introduced  into  a  graduated  tube, 
and  the  carbonic  acid  absorbed  by  a  solution  of  polassa  ;  the  remaining 
gas  is  then  transferred  to  thrice  its  volume  of  chlorine  of  known  purity, 
standing  over  water  Id  a  tube  of  about  half  an  inch  diameter,  and  eijtg^- 


cTAjroon.  I4A 

I 

^bot  carefnllj  excluded  from  the  direct  solar  rays ;  after 
tfecarbaretted  hydrogen  and  the  excess  of  chlorine  will  hare 
iM,  and  the  remaining  gas,  consisting  of  carbonic  oxide  and 
maybe  analyzed  by  detonation  with  oxygen  in  excess ;  the 
fcarbonic  acid  formed  being  equal  to  that  of  the  original  car- 
le. 

oceedii^  depends  upon  the  non-formation  of  chlorocarbonic 

in  a  mixture  of  carbonic  oxide  and  chlorine  in  the  contact  of 

I  oat  of  the  direct  agency  of  the  solar  rays.     Such  mixture 

4  sereral  days  occasionally  renewing  the  chlorine  as  it  be- 

rbed  by  the  water,  and  have  not  observed  any  diminution  in 

f  the  cart>onic  oxide.     In  all  these  cases  it  is  necessary  to  as- 

\  parity  of  the  chlorine  by  its  absorption  by  water,  and  to  be 

be  evolution  of  common  air  from  water  during  that  process. 

riofi  and  J^Titrogen — Carburet  of  Nitrogen — Cyanogen. — This  uoioa  with 

rod  was  ducovered  in  1815,  by  Gay-Lussac  {JLnnale*  de«««>r»- 
It  may  be  obtained  from  dry  and  pure  a^nuret  ofmer^ 
is  substance  when  heated  in  a  small  ^ass  tube  to  dull  redness, 
kck,  and  a  quantity  of  mercury  passes  over  and  condenses 
wrt  of  the  tube  :  the  gas  which  is  at  the  same  time  evolved, 
lUected  over  mercury. 

ks  a  penetrating  and  very  peculiar  smell,  somewhat  resem- 
fUtter  almonds  ;  it  bums  with  a  beautiful  purple  flame.  ^Its 
irity  to  hydrogen  is  26.  100  cubic  inches  weighing  55.  grains, 
ftlfes  4.5  volumes,  and  alcohol  23  volumes  of  this  gas.  The 
hition  reddens  vegetable  blues ;  and  according  to  Vauquelin 
!Cltifi.,Oct.  1818,)  is  subject  to  spontaneous  decomposition, 
lally  converted  into  carbonic  and  hydrocianic  acids,  ammo- 
liar  acid,  which  he  calls  the  cyanic^  and  a  brown  substance 
carbon  ;  the  ammonia  saturates  the  acids,  and  the  carbona- 
pound  is  deposited.  These  changes  are  referable  to  the 
iction  of  the  elements  of  cyanogen  upon  those  of  water, 
anogen  may  be  analyzed  by  detonation  with  oxygen.  One 
tooated  over  mercury  with  two  of  oxygen,  produces  two  vo- 
tfbonic  acid,  and  one  of  nitrogen.  Whence  it  appears  that 
ODsists  of  two  proportionals  of  carbon  =»  12.  and  1  ofnitro- 
the  nitrogen  having  suffered  no  change  of  bulk  by  uniting 
rbon  ;  or  it  may  be  said  to  consist  of  two  volumes  of  gaseous 
me  volume  of  nitrogen,  the  three  being  condensed  into  one 
ts  representative  number  is  26. 

nring  symbols  exhibit  the  mixture  of  cyanogen  with  oxygen 
e  proportions,  and  the  result  of  their  detonation  : 


e  gnritj  is  to  oxygen  as  1.625  : 1 ;  now  1.625  X  2=  3.25  CitSBtom.) :  also. 
(0.125)  the  atom  of  hydrogen. 


IJ 


U6 


CULOAoeTANIC   ACID. 


Before  detonation. 

<>Be  proportional  of  Cyanogen  and  four  of  Ozjg«B. 


Cyaaagvn 
C.        N. 
12+14 

Oxygen 
8. 

8. 

• 

8. 

«• 

8. 

Ailcr  detonation. 

9nt  proporttenal  of  Nitrogen.  Two  proportionals  of  Carbonic  Acid. 


«. 

8. 

8. 

6. 

8. 

8. 

448.  Cyanogen  and  Chlorine  combine  and  produce  the  Chlorot^ 
n?*'en  m/^*^^*^*  ^"  G**y-Lii89ac  procurcd  this  compound  by  passing  a  currt 
chforioe.       chloHne  through  a  solution  of  hydrocyanic  acid  (452)  in  water,  til 

liquid  discoloured  a  diluted  solution  of  indigo  in  sulphuric  acid, 
then  deprived  it  of  excess  of  chlorine  by  agitation  with  mercury.  T 
parate  chlorocyanic  acid  from  this  liquid,  he  took  a  glass  cylinder,! 
it  two-thirds  with  mercury,  and  then  to  the  brim  with  the  above  111 
and  inverted  it  in  a  basin  of  mercury.  This  basin  and  cylinder  i 
put  under  the  receiver  of  an  air-pump,  and  the  air  drawn  out,  tifl 
'  mercury  and  liquid  were  displaced  ;  the  cylinder  became  fiUedi 
Ihe  vapour  of  chlorocyanic  acid  ;  on  admitting  the  air,  the  vapoov 
densed  into  a  liquid,  and  the  mercury  rose  in  the  cylinder.  It 
also  be  obtiiined  by  carefully  distilling  the  liquid  into  a  receiver 
rounded  by  ice, 

449.  Chlorocyanic  acid  thus  obtained  is  a  colourless  and  verri 
tile  liquid,  having  a  peculiar  and  irritating  odour.  It  reddens  fill 
is  not  inflammable  ;  and  does  not  form  detonating  mixtures  eithtf 
oxjgeo  or  hydr<>geD. 


HYDROCYAiriG   ACID. 


147 


460.  It  appein  from  the  researches  of  Gay-Lussac,  that  this  acid, 
in  its  pure  and  gaseous  state,  consists  of  1  proportion<il  of  dyanogen  + 
1  proportional  of  chlorioe,  or  26  4-  36  =  62.  The  gases  by  combi- 
nation saffer  no  chahge  of  volume  ;  hence  the  following  symbols  re* 
present  its  composition  and  volume. — An/iales  de  Chimie^  xcv.  205. 


96.0 


Chlorine 
36 


Chiorocyanic  Acid 


62 


451 .  Iodine  and  Cyanogen  form  a  volatile  solid  compound,  which  col-  *;„•  ^  f 
lects  in  flocculi,  and  has  an  acrid  taste  and  pungent  smell ;  it  may  benogen  aadio 
formed  by  heating  iodine  with  cyanuret  of  mercury. — Davy,  ^art,  ^^' 
Joum,  i.  889. 

452.  €]yanogen  and  Hydrogen — Hydrocyanic  or  Prussic  acid, — This 

triple  componnd  may  be  obtiined  by  moistening  cyanuret  of  mercury  uoseoudEy^ 
with  muriatic  acid,  and  distilling  at  a  low  temperature,  having  surround-  <*<^n- 
ed  the  receiver  with  ice. 

453.  A  liquid  is  thus  obtained  which  has  a  strong  pungent  odour, 
very  like  that  of  bitter  almonds  ;  its  taste  is  acrid,  and  it  is  highly  poi- 
sonoos.  It  volatilizes  so  rapidly  as  to  freeze  itself.  It  reddens  litmus. 
The  specific  gravity  of  its  vapour,  compared  with  hydrogen,  is  13.6,  so 
that  100  cobic  inches  weigh  28.579  grains  ;  detonated  with  oxygen  it 
Bvet  as  results  one  volume  of  carbonic  acid  gas,  half  a  volume  of  hy- 
mgen,  and  half  a  volume  of  nitrogen  ;  so  that  it  consists  of  I  volume 
•f  cyanogen  +  1  volume  of  hydrogen,  and  its  representative  number 
is  27. 

454.  The  hydrocyanic  acid  is  used  in  medicine,  and  several  formulae 
have  been  given  for  its  preparation  :  the  following  affords  the  acid  of  a 
convenient  strength,  and  is  that  which  is  adopted  at  Apothecaries'  Hall. 
One  poond  of  cyanuret  of  mercury  is  put  into  a  tubulated  retort  with 
six  pints  of  water,  and  one  pound  of  muriatic  acid,  specitic  gravity  1 . 
15;  a  capacious  receiver  is  luted  to  the  retort,  imd  six  pints  are  dis- 
tilled over.  The  specific  gravity  of  the  product  is  0.995.  As  this 
acid  in  its  dilute  state  suffers  partial  decomposition  by  keeping,  it  should 
be  prepared  in  small  quantities  only  for  pharmaceutical  use  and  pre- 
served in  vessels  excluded  from  light. 

455.  It  appears  from  the  experiments  of  Mr.  Porrett  {Phil.  Trans. 
1814,)  and  from  those  of  M.  Gay-Lussac  {Ann.  de  Cfiim.  xcv.")  that  cy- 
anogen is  capable  of  forming  a  compound  with  sulphuretted  hydrogen. 
It  may  be  obtained  by  mixing  one  volume  of  cyanogen  with  one  and  a 
half  of  snlphnretted  hydrogen  ;  they  slowly  combine,  and  form  a  yellow 
crystallized  compound. 

456.  According  to  Dr.  Thomson,  Mr.  Porrett  obtained  an  analogous 
body  by  a  much  more  circuitous  process  ;  he  has  termed  it  sulphuret- 
td  dtyazie  acid  ;  and  Dr.  Thomson,  who  regards  it  as  consisting  of  cy- 
anogen and  sulphur  only,  calls  it  Sulphocyanic  acid. — Syst.  V.  ii.  p.  290. 
He  describes  it  as  soluble  in  water  ;  of  a  smell  resembling  vinegar ; 
and  decomposed  by  repeated  distillation. 


u% 


i*HOSFHUJl£'r   OF   CARBON. 


'157.  The  compound  described  by  Gay-Lussac  consists  of  two  pro- 
poi^tionals  of  cyanogen,  three  of  sulphur,  and  three  of  hydrogen  ;  Dr. 
Thomson  considers  it  as  containing  two  of  cyanogen  and  three  of  sul- 
phur ;  tliis  would  give  as  its  ultimate  constituents, 

4  Proportionals  of  carbon 22.8 

2  of  nitrogrii 2(>.0 

3  of  sulphur 45.0 

93.8* 

458.  Sir  II.  Davy  has  noticed  the  production  of  a  compound  of  sul- 
phur and  cyanogen,  obtained  by  heating  a  mixture  of  sulphur  and  cyan- 
uret  of  mercury  ;  and  by  heating  phosphorus  with  cyanuret  of  mer- 
cury, ncyanuret  of  phoitjykorus  appears  to  be  formed. 
Union  with  '*^^'  (kirboH  and  Sulphur — Suiphuret  of  Carbon.  This  is  a  liquid 
luiphnr.  obtained  by  parsing  sulphur  over  red-hot  charcoal.  When  purified  by 
rc-diatillation,  it  is  tran!»parcnt,  colourless,  and  insoluble  in  water,  but 
soluble  in  alcohol  and  ether  ;  its  refructivc  power  in  regard  to  li^  u 
very  considerable.  Its  specific  gravity  is  1.272.  It  boils  al  106**,  uad 
does  not  freeze  at — GO**-  It  is  very  volatile,  and  has  a  pungent  taste 
and  peculiar  fetid  odour.  The  cold  which  it  produces  during  evapo- 
ration is  so  intense,  that  by  exposing  a  thermometer  bulb,  coTeied 
with  fine  lint,  and  moistened  with  it,  in  the  receiver  of  an  air-pump,  the 
temperature  sunk, ^ after  exhaustion  to  —  80^.  When  a  mercurial 
thermometer  was  used,  the  metal  froze. 

460.  Suiphuret  of  carbon  is  inflammable,  and  when  burned  with 
oxygen,  produces  sulphurous  and  carbonic  acids.  It  consiats  of  1 
proportional  of  charcoal  and  2  of  sulphur  ;  6  +  32  =  38.  (Berzeli- 
us  and  Marcet,  Phil.  Trans.  1813).  It  was  discovered  by  Lampadiui, 
who  called  it  Alcohol  of  Sulphur. — Crell's  Annals^  1796,  ii. 

461.  A  portion  of  carburet  of  sulphur  appears  to  be  frequently  for- 
med during  the  production  of  inflammable  gas  from  coal  (431),  and  to 
be  retained  in  the  state  of  vapour  by  the  gas  after  its  purification  bj 
lime  ;  such  gas  gives  a  strong  sulphurous  smell  when  burned,  although 
perfectly  cleansed  from  sulphuretted  hydrogen. — Brands,  Phil.  Trant, 
18'iO,  p.  19. 

Union  with  462.  Carbon  and  Phosphorus — Phosphuret  of  Carbon. — To  obtain 
this  compound,  Dr.  Thomson  directs  the  following  process  :  (SysUm 
i.  p.  276.)  Allow  phosphuret  of  lime  to  remain  in  water,  till  it  m 
longer  evolves  gas  ;  then  add  to  the  liquid  excess  of  muriatic  acid,  <^- 
tate  for  a  few  moments,  and  throw  the  whole  upon  a  Alter.  Phosphu- 
ret of  carbon  remains,  which  is  to  be  washed  and  dried.  This  com- 
pound is  a  soft  powder,  of  a  yellowish  colour,  without  taste  or  smell  : 
expoi^ed  to  air,  it  slowly  imbibes  moi!<tun>,  and  acquires  an  acid  flavour. 
Exposed  to  a  red  heat,  it  burns,  and  gradually  gives  out  its  phosphorus, 
the  charcoal  being  prevented  burning  by  a  coating  of  phosphoric  acid. 
It  consii^ts  of  ])hosphonis  0.6'2  +  carbon  0.38  (Thomson's  Annalt, 
viii.  157  )     These  numbers  closely  correspond  with 

Phosphorus  1  proportional =   12 

Carbon  1  ditto 6 

18 

•  T}i<'  Kubstaut  c  d«"4cribcd  hy  Mr.  Porrett  is  nvidonlly  disiinct  from  tliat  mentioned  bv 
Gay-Lussac,  which  is  not  vour.  But  the  uature  of  thtsc  coinpoundi  is  as  yti  knperftctlV 
understood. 


pliospburuF. 


BORON.  1 4% 


It  would  appear  from  the  mode  of  of  obtaining  this  phosphuret,  that 
it  fomiB  ao  ingredient  in  phosphuret  of  lime,  an  usually  prepared. 


Section  VI.     Boron. 

463.  This  substance  is  obtained  by  heating  in  a  copper  tube  two  part?  Mode  of  ob- 
of  the  metal  called  potassium,  with  one  of  boracic  acid  previously  ^'"*^'^* 
fu^ed  and  powdered.     In  this  experiment  the  boracic  acid,  which  con- 
sists of  boron  and  oxygen,  is  decomposed  by  the  potassium.     The 

fined  matter  is  washed  out  of  the  tube  with  water,  and  the  whole  put 
upon  a  fidter.  The  boron  remains  in  the  form  of  a  brown  insipid  inso- 
luble pofwder,  unaltered  by  exposure  to  air  at  common  temperatures, 
hut  when  heated  to  600^  it  bums  with  much  brilliancy,  especially  in 
oxy^n  pu,  and  produces  boracic  acid.  It  is  a  non-conductor  of  elec- 
tricity. 

464.  Boncic  acid  is  usually  obtained  by  dissolving  the  salt  called 
borax  in  hot  water,  and  subsequently  adding  half  its  weight  of  sulphu- 
ric acid ;  as  the  solution  cools,  white  scaly  crystals  appear,  which, 
when  washed  with  cold  water  are  nearly  tasteless,  and  which  consist  of 
horadc  acid  combined  with  water,  and  retaining  a  little  sulphuric  acid, 
which  it  loees  by  exposure  to  a  strong  red  heat,  and  fuses  into  a  ^ass. 

Boracic  acid  is  very  difficultly  soluble  in  water  ;  the  solution  red- 
dens vegetable  blues,  but  possesses  the  singular  property  of  render- 
ing the  yellow  of  turmeric  brown,  in  the  manner  of  an  alkali.  Its 
solution  in  spirit  of  wine  bums  with  a  green  flame.  This  acid  was  first 
obtained  by  Homberg,  in  1702,  and  was  used  in  medicine,  under  the 
name  of  Homberg^s  Sedative  Salt,  Its  nature  was  first  shown  by  Duvy, 
in  1807. 

465.  The  experiments  upon  the  composition  of  boracic  acid  aro 
much  at  variance.  Berzelius's  determination  probably  approaches 
nearest  to  truth  :  he  regards  it  as  containing  1  boron  +  3  oxygen 
(Thomson *8  5y«<em,  Vol.  i.  p.  249,  5th  edit.)  If,  therefore,  we  coii- 
uder  it  as  consisting  of  1  proportional  of  boron  and  2  of  oxygen,  the 
number  representing  boron  will  be  5,  and  boracic  acid  will  consist  oC 

1  Boron.    oM 
3  Ox\geii.     l(i 

Bonicacid.    21.28 

4C6.  Native  boracic  acid  has  been  found  in  the  Lipari  inlands,  ami 
also  in  the  hot  springs  of  Sasso,  in  the  Florentine  territory  ;  henrr 
the  term  Sassolin  applied  to  it  by  some  mineralogists. 

4ti7.  The  boracic  acid  forms,  with  ammonia,  r  Borate  of  ammonia . 
composed  according  to  Bcrzclius  (^Annals  of  Fhilosophy,  iti.  57.)  of 

37.95  Acid 
30.32  Amroonia. 
31.7J  Water. 

468.  Boron  bums  in  chlorine,  but  the  chloride  has  not  been  cxamin- 
Btd,  nor  have  its  other  compounds  been  investigated. 


APPENDIX. 


ENGLISH  WEIGHTS  AND  MEASURES. 


469.  X  HE  English  troy  pound  is  sobdivided  into  tweWe  ounceSi  tnd* 
euch  ounce  is  equal  to  480  grains.  The  subdivisions  of  the  trof 
ounce,  called  Apothecaries  weif^ht^  are  into  8  drachms,  each  drachm  intt 
3  scruples,  and  each  scruple  wto  20  grains.  The  troj  ounce  k  also 
fometimes  divided  into  20  penny  wei^ts,  of  24  grains  each.  Tbest 
are  the  weights  generally  employed  by  chemists,  but  for  philoaofta 
cal  purposes  ambiguity  is  most  easily  avoided  by  employing  the  gnn 
as  integer :  and  the  laboratory  should  be  provided  with  good  aeli  sf 
weights,  from  one  thousand  grains  downwards  ;  the  grain  should  be  dfr 
cimally  subdivided  into  tenths  and  hundredths. 

470.  The  standard  of  most  articles  bought  and  sold  in  conumm  lift  ■ 
the  avoirdupois  pound,  which  is  equal  to  7000  troy  grains,  and  is  divid- 
ed into  16  ounces,  of  437.5  troy  grains  each.  The  avoirdupois  ounce 
is  legally  divided  into  16  drachms,  of  27.34375  grains  each  ;  but  tUi 
division  is  rejected  in  all  ordinary  cases,  in  consequence  of  the  confii- 
•lion  likely  to  result  between  the  troy  and  avoirdupois  drachm,  so  that 
the  term  drachm  is  almost  exclusively  employed  to  4euote  the  eighth 
part  of  a  troy  ounce,  or  60  grains. 

471.  For  measures  of  capacity,  the  wine  pint  is  usually  employed* 
which  corresponds  to  28.875  cubical  inches  of  water,  at  a  temperature 
of  60'.  It  is  subdivided  into  It)  ounces  ;  the  ounce  into  8  dracluni. 
Two  pints  make  a  quart,  and  4  quarts  a  gallon. 

472.  The  ale  pint  contains  35.25  cubical  inches  of  water,  at  60^. 

473.  For  chemical  use  the  most  convenient  measure  is  the  balk  oc- 
cupied by  the  troy  ounce  of  distilled  water,  which  may  be  subdivided 
into  480  grains,  <and  which  is  equal  to  1.8047  cubical  inches. 

474.  The  length  of  the  pendulum,  vibrating  seconds,  tii  vacuo^  in  the 
latitude  of  London  (51  <*  31 '8^4  North  at  the  level  of  the  sea,  and  at  the 
temperature  of  62',  is  =  32.13929  inches  of  Sir  George  Shuckbaig'i 
standard  scale. — Katv.k,  Phil.  Trans.  1819,  p.  415. 

475.  In  the  following  Tables  are  shown  the  subdivisions  of  the  Eng- 
lish troy  and  avoirdupois  pounds,  and*  of  the  English  wine  gallon,  and 
their  correspondence  with  the  Fr^ch  gramme  and  litre. 


WEIGHTS  AND   MBA8URE8.  j^] 

ENGLISH  WEIGHTS  AND  MEASURES. 

476.  TiOT  WnoHT. 

hand.    Ounces.    Dims.      Scruples.        Graina.  Grtmiiie5 

1     =    12     =  96    c«     28^      =    5760  s=  372.96 

1     3S     8    s       24                480  =  31.06 

1    se         3       »        60  =  3.885 

1       =        20  =  1.295 

1  ss  0.06475 

477.  Avoirdupois  Wiigbt. 

ftaacL       OuDoeSk       Dnns.  Grains.  Grammes. 

1        -s    16      s=    256  =  7000  =  453.25 

1      =      16  =  437.$  =  28.328 

1  c=        27.34375  =  1.770A 

478.  Wmt  MiASDBB. 

GtH       Fintt.    (kinces.    Drms.       Cub.  Inch.  Lities. 

1     s     8     :^  128    les   1024  oa  231  e=  3.78515 

1     a    16    Bs     128  B.      28.875  a  0.47398 

1    cs         8  =a       1.8047  B  0.02957 

1  =a       0.2256  0  0.00396 


FRENCH  WEIGHTS  AND  MEASURES. 

479.  The  French  metrical  system  is  founded  on  a  single  standard  of 
Inglh,  called  a  metre,  and  which  is  equiralent  to  the  ten  milhonth  part 
of  tiie  arc  of  the  meridian,  extending  from  the  equator  to  the  pole. 
Tkeleng^i  of  the  metre,  at  the  temperature  of  32**,  as  ascertained  hy 
Caplna  Kater  {Phil.  Trant.  1818,)  is  39.37079  English  inches. 

480.  The  French  measures  increase  and  decrease  in  decimal  pro- 
portions, a  distinctive  prefix  being  put  to  the  term  by  which  the  inte- 

Sr  is  called.  These  prefixes  are  decay  hecto,  kilo,  and  jnyria,  taken 
NB  the  Greek  numerals,  to  express  the  multiplication  of  the  integer 
by  10,  100,  1000,  and  10000  respectively  :  and  deci,  centi^  and  milli, 
from  the  Latih  numerals,  to  express  the  division  of  the  integer  by  10. 
100,  or  1000 ;  as  in  the  following  Table  : 


Metres. 

Metre. 

1  Myituuetre 
1  Kuomctre.  . 

»  10000 

1  Metre 

=9                1 

«»    1000 

1  Decimetre    .  . 

=«       0.1 

1  HectometK 

«a        100 

1  Centimetre  .  . 

=a      0.01 

1  Decametra 

33               10 

1  Millimetre    .  . 

==>  0.001 

481.  The  metre  is  the  integer  of  the  measure  of  length,  and  from 
it  all  measures  of  surface,  capacity,  and  weight,  are  deduced  as  follows. 

For  square  dimensions,  the  metre,  or  its  parts  squared,  are  employ- 
ed. When  osed  for  measuring  land  the  term  are  is  adopted,  which  is  a 
decametre  squared.     A  hectare,  or  100  ares,  is  about  equal  to  2  English 


For  the  integer  of  the  measure  of  capacity,  the  cubed  decimetre  is 
emjdoycd,  under  the  name  of  /tire,  which  is  about  equal  to  2|  English 
wine  piiils. 

For  the  integer  of  the  measure  of  weight,  the  weight  of  a  cubic  cen- 
timetre of  distilled  water,  at  32**,  has  been  adopted  :  it  is  called  ngram- 
me,  and  is  equal  to  1 5.4  English  grains. 

482.  The  following  are  the  principal  Tables  of  French  Weights  and 
Measures,  which  will  be  found  useful  in  the  laboratory.  In  Appendix 
.  11.  of  Aixia's  Dictionary y  the  chemical  reader  will  find  several  others 
ihowiiig  the  relation  of  the  French  to  the  English  standards  : 
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HEIGHTS   AKD   MEASURES. 


FRENCH  WEIGHTS  AND  MEASURES. 


483. — MiAPt'REfl 

or  LEKcrn. 

Engliih  Inch^f. 

Millimptre 

t= 

.03937 

Centimetre 

0S 

.39371 

Derimctre 

Oi 

3.93710 

Metre 

es 

.39.37100 

Mil.   Fur. 

Tdfl.    Feet    In. 

Decametre 

BS 

393.71000 

=       00 

10       2       9.7 

HecBtometre 

^ 

3937.10000 

=       00 

109        1        1 

Kilometre 

r^ 

39371  .(K¥)00 

=       04 

213        1      10.2 

Myriometre 

393710.00000 

484.— Mbjmubu 
Cobic  lochet. 

=        6        1 
or  Capacitt. 

156        0       6 

Millilitre 

=s 

.06103 

EngUA, 

Centilitre 

s=z 

.61028 

Decilitre 

= 

6.10280 

ToiiB.Hon. 

WineG.  Prnli. 

litre 

=r 

61.02800 

=       00 

0.          2.1133 

Decalitre 

^ 

610.28000 

=       00 

2.          5.1SSt 

Hecatolitre 

:b 

6102.8U000 

=       00 

26.419 

Kilolitre 

=s 

61028.00000 

=        1        0 

12.19 

Myriolitre 

610280.00000 

485.— Mbaiubbb 

Evlisk  imtat. 

=      10        1 
or  Wbigbt. 

58.9 

Milli|p«mme 

= 

.0154 

Centigramme 

sss 

.1544 

Decigramme 

= 

1.5444 

Avoirdupois. 

Ciramme 

=s 

15.4440 

PooBuOun. 

Dram. 

Decarnunme 

154.4402 

=       00 

5.65 

Hec-atofrramnif 

k             —3 

1544.4023 

=       03 

8.5 

Kilc^pramme 

15444.&234 

=       23 

5 

Myriogrenune 

= 

154440  J344 

=      »       1 

2 

TABLE    OF    THE    SPECIFIC    GRAVITY    OF    WATER,    AT    EVERT    DEGREE  OF 

TEMPERATURE,    FROM    30®   TO    80*    FAHR. 

486.  The  following  Table  is  given  by  Mr.  Gilpin,  in  the  84th  vol- 
nme  of  the  Philosophical  Transactions,  and  is  of  essential  use  for  taiung 
the  specific  gravities  both  of  solids  and  fluids,  by  enabling  the  operator 
to  reduce  the  weight  or  bulk  of  the  distilled  water,  employed  in  any  case, 
to  that  which  it  would  have  at  any  other  common  temperature,  and  par* 
ticularly  to  60®,  which  is  the  usual  standard. 

487.  Thus,  for  example,  since  the  specific  gravity  of  water  at47*ii 
1.0008,  and  at  60^  is  1.00000,  and  (consequently  1 0008  grains,  at  47*, 
are  equal  in  bulk  to  10000  grains  at  60®,)  it  follows  that  it  would  re- 
quire 252.708  grains,  at  47®,  to  equal  the  space  of  a  cubic  inch  ;  tot 
10000 :  10008  ::  252.506,  (the  weight  of  a  cubic  inch  at  60®,) :  262.708. 

488.  The  remarkable  anomaly  of  the  specific  gravity  of  water  ctecrew- 
ing  through  all  the  degrees  of  temperature  below  40®,  or  thereaboatf, 
that  it  remains  uncongealed,  has  been  noticed  under  the  article  Heat 
(60)  ;  but  the  difi*erence  for  one  or  two  degrees  above  or  below  40®  is 
bo  trifling,  that  it  has  hardly  yet  been  ascertained  with  perfect  accoracy. 


riBUt  OP  THE  SPECIFIC  GRAVITY  OF  WATER. 
»>  auuE  or  rnrsuTvaK,  pbo|i  ■30"  to  60*  fahb. 


SfHifag^ 

rik.  . 

IMOfJ* 

a6«  -      - 

U)0078 

,57 

■   . 

1.00082 

68 

1.00085 

59 

1.00088 

60   - 

1,00090 

81 

I.00QBS 

n 

lUMWSS 

63 

iMxm 

«4 

1.00094 

66 

1.00094 

66 

1.00093 

67 

i;ooo9s 

68 

1.00090 

69 

1.00088 

70 

l.qoo86 

71 

1.00085 

72 

i.00O8O 

ii 

1.00076 

74 

1.0007S 

76 

1.00068 

76 

I.0006S 

.77 

1.00057 

78 

1.00061 

79 

1100045 

80 

- 

1.00038 

i  rtww  Of  sncivic  oh*vities,  reprusktatitb  of 
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TaUe  sfaows,  at  oa«  view,  the  specific  graritiei 
HI  described  in  this  volame,  and  of  their  matnal 
it  ^M  exhibits  th^r  eqaiTdent  numben,  and  tbt  pro- 
tltej  combiae. 
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LBLE  SHOWING  THE  CONNEXION  BETWEEN  THE 

ATOMS    OF    GikSES    AND    THEIR    SPECIFIC    GRAVITIES. 

sd  from  Thomson's  paper  in  the  annals  of  Philos.  Vol.  16,  for  the 

year  1820.) 


OAS£S. 


e 


Atom  of  hj-i  Specific  g;tu- 

drog«n  that  |   vttiet  coio- 

of  oxyi^cn    I   pared  with 

beirv/=Tl,         liydro^rftn. 


Specific  gravi- 
ties compared 
with  uxyfcn. 


•s 
3 


Atone  com- 
pared with 
oxjfea. 


le  of  nitrogeo    *    . 

spoQr  

▼apoar  .  •  .  . 
oos  acid  .  •  *  . 
etted  hydrogen  •  . 
mifl  Tapoar  .  .  . 
irelted  hydrogen 
^ret  of  Phosphorus 
▼apoar  .  .  •  . 
c  oxide  .... 
carhomc  acid  .  . 
c  add  •    .    .    .    . 


sited  hydrogen 
it  of  mtrogen 


0.125   X  36 

0.125  X  1 

0.125  X  14 

0.125  X  9 

0.125  X  22 

0.125   X  125 

0.125   X  16 

0.125   X  32 

0.125   X  17 

0.125   X  12 

0.125   X  13 

0.125   X  14 

0.125   X  6 

0.125   X  14 

0.125   X  50 

0.125   X  22 

0.125   X  14 

0.125   X  8 

.  I  0.125   X  26 


2.2500   X  2 

0.0625   X  2 

0.8750   X  2 

0.5625   X  2 

1.3750   X  2 

7.8125   X  2 

1.0000  X  2 

2.0000   X  2 

1.0625   X  2 

0.7500   X  2 

0.8125  X  2 

0.8750   X  2 

0.3750   X  2 

0.8750   X  2 

3.1250   X  2 

1.3750  X  2 

0.8750   X  2 

0.5000   X  2 

1.6250   X  2 


4.500 
0.125 
1.7501 
1.125 
2.750 
15.225 
2.000 
4.000 
2.125 
1.500 
1.625 
1.750 
0.760 
1.750 
6.250 
2.750 
1.750 
1.000 
3.250 


.  ..i...  the  aboffe  it  will  be  seen,  that  all  the  gases  there  mentionf-d,  have  their  atoms 
Uc  dbeir  specific  gravities,  when  oxygen  is  taken  as  the  standard  for  biith;  further, 

an  (*quHl 

•Nving  KW  gases  are  exceptions  to  the  foregoing  laws  though,  tliej  also,  follow  a  re- 
der. 


OASES. 


la 


ide  of  nitrogen 
c  acid  gas  .     . 
6c  acid       .     . 
I  acid  gas    .     . 
de  of  chlorine 


Atom   of   hy- 
drojren  (oxy- 
gen) =  1. 


Sp.  gr.  com- 
pared with 
hydrogeo. 


« 


Sp.  gr.  com-    I  JS 
pared  with  oxy-j  -S" 


Ren. 


3 

5e 


Atoms  com^ 

pared  with 

oxygen. 


0.126X  8(^)    =1  Xl*=  1.000 

0.125X    17.ftwice)=0.53125X4=  2.125 

0.125X   30.{ twice Wo.9376   X4=  3.750 

0.125X  37.(twice}=1.1560   X4=  4.625 
0. 1 25 X126.f twice) =3.9375   X4=15.750 

0.125X  SO.rtwice) ^0.9375  X4=  3.750 

disagrees  witn  the  rest  


c  The  brackeU  contain  the  proportions  wliich  the  fore^inr  nuinbors  under  tho 
okunn  bear  to  their  tqpecific  gravities  when  compared  with  h)  diO(;cn,  tluH  8  is  | 
erific  gravity  of  OKjgen,  and  17  double  that  of  ammooia.  It  will  hi'  soen  tliat  with 
iception  (oxygen)  the  numbers  in  the  column  of  multiples  of  this  table  arc,  iodi- 
ily,  double  tho0e  b  the  same  colimui  of  the  first  table ;  and  further  Uiat  (with  th« 
cxcepCJoofi}  the  multiple  of  the  atom  of  hydrogen  in  this  last  table  Is  just  double 
ledfic  gravity ;  wbereaS)  in  the  firbt,  its  multiple  is,  throughout,  eiactly  the  s^i€<^ 

'J- 

A  A 
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GE^^fiRAL  PROPEJLTIES 


CHAPTER  V. 


OF  THE  HfiTALS,  AND  THEIR  COHBHTATIONS. 


501.  THE  metals  constitute  a  numerous  and  important  claia  of  i 
pie  substances  ;  many  of  them  were  diligently  examined  by  the  o 
chemists,  who  have  left  us  valuable  information  coocemiog  th 
many  are  of  more  recent  discovery ;  and  the  eziateBce  of  ae? 
others  has  been  demonstrated  within  the  last  twenty  yeara. 

•two  in  number. 

22  ColumUfull 

23  Palladiiin 

24  Rhodimn 
26    Iridium 

26  Osmium 

27  Cerium 

28  Potassium 

29  Sodium 

30  Lithium 

31  Barium 

32  Calcium 

33  Strontium 

34  Magnesium 

35  Silicium 

36  Alumium 

37  Yttrium 

38  Olucium 

39  Zirconium 

40  Thorinum 

41  Selenium 

42  Cadmium 

503.  Of  these  metals  the  first  9even  were  known  in  veir  rei 
ages.  The  ancients  designated  them  by  the  names  of  the  {Jnneti 
which  they  were  supposed  to  have  some  mysterious  relation ;  andc 
was  denoted  by  a  particular  symbol,  representing  both  the  metel 
the  planet. 


The  metals  are  forty 

1 

Gold 

T^nmber  of 

2 

Silver 

metals. 

3 

Copper 

4 

Iron 

5 

Mercury 

6 

Tin 

7 

Lead 

8 

Zinc 

9 

Bismuth 

10 

Antimony 

11 

Arsenic 

12 

Cobalt 

'    13 

Platinum 

14 

Nickel 

15 

Manganese 

• 

16 

Tungsten 

17 

Tellurium 

18 

Molybdenum 

19 

Uranium 

20 

Titanium 

21 

Chromium 

Gold  was  the  Sun,  and  was  thus  represented 


A«cie|it  17m- 


Silver 
Mercury 
Copper . 
Iron  .  . 
Tin.  .  . 
Lead  .  . 


Moon 
.  Mercury 
.  Venus  . 

•  Mars    . 

•  Jupiter  , 
.  Saturn    . 
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I  not  knovm  to  the  ancients,  though  they  were  prohahly  ac- 

qaainted  with  its  ores,  and  with  their  property  of  forming  brass  when 

fued  with  copper.     (Pliny,  Lib.  xxxiv.  cap.  2  and  10.)     The  word 

Zinc  first  occurs  in  the  writings  of  Paracelsus,  who  died  in  1 54 1 .     Bis- 

mnth  is  mentioDed  in  the  Bermannus  of  Agricola,  written  .about  1530.  Timet  of  «i 

AntiDony  was  first  obtained  in  its  pure  state  by  Basil  Valentine  towards  ^^^▼^T- 

the  end  of  the  15th  century.     The  process  is  described  in  his  Currus 

Trinmpkaiu  AiUinumii.      Arsenic  and  Cobalt  were  discovered  by 

Bnadt  in  1733,  {Acta  UomoI.  1733  and  1742)  ;  their  ores  were  known 

at  a  moch  earlier  perioa.     Platinum  was  first  recognised  as  a  peculiar 

h9ij  in  1741,  by  Mr.  Charles  Wood,  Assay-Master  in  Jamaica.     (Phil. 

IVms.  VoL  zliT.)     In  1751,  the  distinctive  characters  of  Nickel  were 

tkom  by  Cronstedt  (JSkockholm  Trangactiom)^  and  Manganese  was  ob- 

tanaedbj  Gafanin  1774.    (Beromait's  PpiMcic/a,  Vol.  ii.)    Tungsten 

wai  discorered  b^  M.  M.  Delhuyart  in  1781.    (Mimoires  de  Toulowe). 

Tenariam  and  Molybdenum  by  Mulier  and  Hielm,  in  1782.     Uranium 

by  Klaproth  in  1789.     Titanium  by  Mr.  Gregor,  in  1789.    Chro- 

wam  by  Vaaqaelin,  in  1 797.     (Annales  de  Chimie,  Vol.  xxv.)     In 

laOS,  Mr.  Hatchelt  discovered  Columbium.     (PhU.  Trans.)     Palla- 

fium  and  Rhodium  were  discovered  by  Dr.  Wollaston  ;  and  Iridium 

nd  Osmium  by  Mr.  Tennant,  all  in  1803.  (PhiL  Trans,)    Cerium 

WIS  annoonced  in  1804  by  M.  M.  Hisinger  and  Berzelius.     (Gehlen's 

Jaanui/,  ii.)     Potassium  and  Sodium  were  discovered  in  1807  by  Sir 

H.  Davy,  whose  experiments  also  led  to  the  discovery  of  the  metallic 

latore  of  the  ten  ioUowing  bodies.     Thorinum  and  Selenium  were 

ittioanced  by  Berzelius  in  1815  and  in  1817 ;  and  Mr.  Stromeyer,  of 

Gotdngen,  dncorered  Cadmium  in  1818. 

603.  The  circumstances  under  which  metals  are  found  in  the  earth, 

HD  be  stated  in  the  chapter  of  this  work  relating  to  geology.     It  may 

here  be  remarked,  that  they  seldom  occur  in  an  uncombined  state,  but 

alfliost  always  united  to  other  substances,  as  in  the  four  following 

cbsses: — 

i.  ^aiiv€  metaii  are  those  which  occur  pure  or  alloyed,  and  have^^^^^^  ^^ 
but  a  feeble  attraction  for  oxygen  ;  such  as  platinum,  gold,  silver,  mer- binaiiom. 
cnry,  and  copper. 

ii.  Meials  combined  wUk  simple  supporters  of  combustion.     The  com- — withiinpi 
pounds  belonging  to  this  class  are  chiefly  native  metallic  oxides :  there  ^^^,2^JJ^' 
are  also  a  few  native  chlorides,  but  no  iodides  have  hitherto  been  dis- 
covered.    The  fluoridesj  of  which  there  are  a  few,  may  also  be  re- 
garded aa  belonging  to  this  class. 

iii.  MttmU  ccmbiiud  with  simple  injlainmables.     ThiA  class  includes— with  liin- 
the  nathe  metailie  sulphurets,  a  very  numerous  and  important  series  of^j^J"''^'" 
ores.    One  native  carimret  only  is  known,  that  of  iron.     There  are  no 
native  hydrurets,  phosphurets,  nor  borurets. 

iv.  Meials  in  amhination  with  acids — Metallic  salts.     Of  these  the^with  acidi 
most  connBonare  the  native  carbonates,  sulphates,  tmd  phosphates :  there 
are  a  few  native  frorolet;  and  a  few  species  belong  also  to  this  clas!<  in 
which  the  oxide  is  united  to  a  metallic  acid:  such  as  the  native  arse^ 
niates,  chromateSf  tungstaies,  and  molybdates. 

504.  The  metals,  as  a  class,  are  characterized  by  a  peculiar  lustre  and  oenmi  cin 
perfect  opacity  :  they  are  excellent  conductors  of  heat,  (74)  and  of"*«*«~*^*- 
electricity  (102.) 

505.  There  is  the  greatest  difference  in  the  specific  gravity  of  the 
tferent  metalsy  the  heaviest  and  lightest  solids  being  included  in  the  list. 
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The  principal  metals,  arranged  according  to  their  specific  graviti^ 
stand  as  follow  : 

1  Platinum 21.00 

2  Gold 19.30 

3  Tungsten *  .   17.60 

4  Mercury 13.60 

Gifio'^nvit£».  6  Paladium 11.60 

G  Lead 11.36 

7  Silver 10.60 

8  Bismuth 9.80 

9  Uranium * 9.00 

10  Coppet 8.90 

1 1  Arsenic 8.36 

12  Nickel 8.26 

13  Cobalt 8.00 

14  Iron 7.78 

15  Molybdenum 7.40 

IG  Tin ;  .  7.30 

17  Zinc 7.00 

18  Manganese 6.85 

19  Antimony 6.70 

20  Tellurium 6.10 

21  Sodium 0.972 

22  Totiissium 0.866 

bOG.  The  specific  gravity  of  solids  and  liquids  is  always  eipresMi 
in  numbers  referring  to  water  as  ^s  1 . 
Mfthoa  of  dft-     '^'<>  ascertain  the  specific  gravity  of  solids  we  employ  a  delicate  bi- 
tRrminiitv'>v«!- lance,  SO  contrived  as  to  admit  of  substances  being  attached  to  one  of 
c  cgraviij.  ^^^^  scales  by  means  of  a  borse-hair  or  a  fine  thread  of  silk.     Tbeak- 
solute  weight  of  the  body  thus  suspended  is  then  very  carefully  aBce^ 
taincd  :  it  is  next  immersed  in  distilled  water,  of  the  temperature  of 
6r  solids.      GO^  ;  and  the  beam  being  ag-ain  brought  to  an  equilibrium,  we  lein 
the  weight  lost  by  its  immersion  ;  or,  in  other  words,  we  ascertain  tlie 
weight  of  its  bulk  of  pure  water.     We  now  divide  the  sum  of  its  abio- 
lute  weight  by  that  of  the  weight  which  it  lost  in  water,  and  the  quo- 
tient is  its  specific  weighty  or  gravity,  compared  with  water  of  the  tem- 
perature of  60". 

Suppose  a  substance,  weighing  3G0  grains,  to  lose  60  by  immenioa 
in  water,  the  specific  gravity  of  that  substance  will  be  =  6  ;  for  360 
^  GO  =  6. 

507.  For  ascertciining  the  specific  gravity  of  liquids,  we  genend^ 
Of  fluids.  emidoy  a  tliin  j)hial,  holding  1000  grains  of  distilled  water,  at  the  tem- 
perature of  GO'''.  If  filled  with  any  other  liquid,  and  weighed,  we 
learn  its  specific  gravity  ;  thus  we  should  find  that  it  would  contain 
13500  grains  of  mercury  ;  1 850  grains  of  sulphuric  acid ;  1420  grains  of 
nitric  acid,  (S;-c.,  which  numbers  of  course  represent  the  specific  graTi* 
ties  of  those  liquids. 

A  bottle,  however,  holding  1000  gniins  is  often  inconreniendy 
largo,  and  a  small  and  thin  globular  phial,  with  a  piece  of  thermometer 
tube  groimd  into  it  by  way  of  stopper,  will  be  found  more  useful : 
such  a  phial  should  not  weigh  more  than  from  60  to  60  grains,  and 
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Mitain  between  4  and  600  grains  of  water.  To  use  it,  it  should 
uratelj  counterbalanced  in  a  delicate  pair  of  scales,  and  then 
with  distilled  water,  and  the  stopper  thrust  in,  the  capillarj 
ig  in  which  allows  a  little  to  oo/e  out,  and  prevents  the  likeli- 
if  bursting  the  phial ;  it  is  then  to  be  wiped  clean  and  dry,  and 
arefuUy  weighed,  by  which  the  quantity  of  water  it  contains  is 
dned  ;  the  water  being  poured  out,  it  is  next  tilled  with  the  li- 
rht»e  specific  gravity  is  required,  taking  care  that  it  is  of  the 
emperature  as  the  water ;  we  then  weigh  as  before,  and  divide 
sight  by  the  former  weight  of  Wiiter,  the  product  gives  the  spe- 
raivity  required.  Thus,  suppose  the  phial  to  contain  425  grains 
er  at  the  temperature  of  45°,  it  will  be  found  to  hold  5737.5 
of  pure  mercury  of  the  same  temperature  ;  and  5737.5  -f-  425 
5  the  specific  gravity  of  mercury.     Or,  supposing  the  liquid 

*  than  water,  such  as  alcohol,  of  which  we  may  assume  the  phial 
itain  350.5  ;  then  350.5  -^  425  =  0.824  the  specific  gravity  of 
::ohol  under  trial. 

•  Among  the  metals,  some  are  malleable^  others  brittle. 

leability,  or  the  capacity  of  being  extended  by  the  hammer  be- '**"«"*»»*»^y' 
to  the  following  metals,  in  the  order  following  : 

Gold  Lead 

Silver  Zinc  ir^^r'^.' 

Copper  Iron  n*''«4t 

Tin  Nickel 

Cadmium  Palladium 
Platinum 
Lassium,  sodium,  and  frozen  mercury,  are  also  malleable. 

).  The  malleable  metals  are  also  dnctile ;  that  is,  they  admit  of 
drawn  out  into  wires.  They  are  arranged  according  to  ductili- 
fbllows ; 

Gold  Zinc 

Silver  Tin  21,'""'^''* 

Platinum  Lead 

Iron  Nickel 

Copper  Pahidium. 

0.  Different  metallic  wires  are  possessed  of  different  dc^ees  of 
ity^  by  which  is  meant  the  power  of  supporting  a  weight  witliout 
Ling.  According  to  the  experiments  of  Guyton  Morveau,  the 
ring  arc  the  weights  capable  of  being  sustained  by  wires  jVcfV^*^ 
line  in  diameter. — Annales  de  Chimiey  Ixxi. : 

lbs.    decimal 
avoird.   parts. 

\  wire  of  Iron  suppports .  .  .  549.250 

Copper 302.278                              m«uii  p<^» 

Platinum 274.320                              ty.  with  ih€ 

Silver 187.137                              r'w.tof^ii. 

Gold 150.753 

Zinc 109.540 

Tin 34.6:w 

LcJid     37.021 


}rifr  of  their 
ardoCM. 

Tungsten 
Palladium 
Manganese 
Iron 

Nickel 

Platinum 

Copper 
Silver 
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511.  The  folowing  metals  are  brittle : 

Antimony  Manganese 

Arsenic  Molybdenum 

'"''"*'•'•■                 Bismuth  Tellurium 

Cerium  Tungsten 

Chrome  .    Titanium 

Cobalt  Uranium. 
Columbium 

612.  None  of  the  metals  are  very  hard,  and  many  so  soft  as  to  yieU 
to  the  nail.  In  the  following  table  some  of  the  metals  are  arranged  in 
the  order  of  their  hardness ; 

Bismuth 

Gold 

Zinc 

Antimony 

Cobalt 

Tin 

Arsenic 

Lead. 

Elasticity  and  sonorousness  belong  to  the  hardest  metab  only. 

Such  are  the  essential  physical  characters  of  the  metals ;  they  also 
resemble  each  other  in  many  of  their  chemical  properties,  as  the  fol- 
lowing general  observations  show : 

513.  Action  of  Heat. — The  metals  are  all  susceptible  of  fusion  by 
heat,  but  the  temperatures  at  which  they  liquefy  are  extremely  tb* 
rious.     Mercury  is  fluid  at  all  common  temperatures,  and  requires  to 

kt,on«fh«t^g  cooled  to  —  SO**  before  it  congeals.  Potassium  melts  at  ISO*,  and 
sodium  at  200^  :  arsenic  at  360^  ;  tin  at  450<' ;  lead  at  600«  ;  zinc  at 
700^  ;  and  antimony  at  800' .  Silver,  gold,  and  copper  require  a 
bright  cherry-red  heat ;  iron,  nickel,  and  cobalt,  a  white  heat ;  man- 
ganese and  palladium,  an  intense  white  heat ;  molybdenum,  uranium, 
tungsten,  and  chrome,  are  only  very  imperfectly  agglutinated  at  the 
highest  temperatures  of  our  furnaces  ;  and  titamum,  cerium,  osmium, 
iridium,  rhodium,  platinum,  and  columbium,  require  the  intense  heit 
produced  by  an  inflamed  current  of  oxygen  and  hydrogen,  or  that  of 
Voltaic  electricity.  , 

At  higher  temperatures  than  that  required  for  their  fusion  many  of 
the  metals  are  volatile,  and  may  be  distilled  in  close  vessels.  Mer- 
curV)  arsenic,  potassium,  tellurium,  and  zinc,  are  volatile  at  a  dull  red 
ho  at.  Gold  and  silver  are  converted  into  vapour  when  exposed  to 
the  intense  heat  of  the  focus  of  a  burning  lens  ;  and  several  of  the 
other  metcits  boil  and  evaporate  under  similar  circumstances.  It  is 
probnble  that  this  would  happen  to  all  of  them,  if  raised  td  suflliciently 
iiigh  tompernturcs. 

514.  Action  of  Oxygen, — When  the  metals  are  exposed  at  ordinary 
oaoioiy- temperatures  to  the  action  of  oxygen,  or  of  common  air,  which  pro- 
duces analogous,  though  less  powerful  effects,  they  are  very  differently 
effected.  If  the  gas  be  perfectly  dry,  very  few  of  them  suffer  any 
change  unless  heated  in  it ;  they  then  lose  their  metallic  character?, 
siad  torm  a  very  important  series  of  compounds,  the  metaliic  oxidef. 
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A  iiew  of  the  metab  resist  the  action  of  heat  and  air  so  completely, 
tbai  they  may  be  kept  in  fusion  in  an  open  crucible  for  many  hours 
widKNit  ondeif^iDg  change.  This  is  the  case  with  gold  and  silver,  and 
i^fiew  othen  ;  hence  they  were  called  perfect  or  nohle  metals  :  they 

ly,  however,  be  oxidized  by  the  Voltaic  flame ;  or  by  passing  a 
electric  discharge  through  them,  when  drawn  into  very  fine 
wire. 

Other  metalfl  readily  absorb  oxygen  when  exposed  to  a  temperature 
ipfniThiiw  a  red  heat ;  as  iron,  mercury,  nickel,  ^c. ;  others  absorb 
il  when  in  rasion,  aa  lead,  tin,  antimony,  ^c. ;  others  at  lower,  or  even 
it  coinott  temperatures, as  arsenic,  manganese,  sodium,  potassium,  4*c. 

That  the  metab  have  very  different  attractive  powers  in  regard  to 
iijgeBis  alao  shown  by  the  circumstance  of  one  metal  being  frequent' 
\f  oxidized  at  the  expense  of  another ;  thus  the  oxide  of  mercury, 
keated  with  metallic  iron,  produces  metallic  mercury  and  oxide  of 
iroa ;  potassium,  heated  with  oxide  of  manganese,  becomes  oxidized, 
■d  melalKc  manganese  is  obtained. 

Some  of  the  oxides  are  decomposed  by  mere  exposure  to  heat,  as 
those  of  gold,  mercury,  fyc, ;  others  require  {the  joint  action  of  heat, 
and  aome  body  having  a  high  attraction  for  oxygen,  such  as  charcoal. 
Thoa  when  oxide  of  lead  is  heated  with  charcoal,  carbonic  acid  gas  is 
•Tolved,  and  metallic  lead  obtained. 

Each  metal  has  a  certain  definite  quantity  of  oxygen  with  which  it 
cwnhinpa ;  and  were  the  same  metal  unites  in  more  than  one  propor- 
tba  with  oxygen,  in  the  second,  third,  and  other  compounds,  it  is  a 
■altiple  of  that  in  the  first,  consistent  with  the  law  of  definite  propor- 
tions (46).  Thus  100  parts  of  mercury  combine  with  4  of  oxygen  to 
|Vodnce  the  protoxide,  and  with  8  to  produce  the  peroxide.  Copper 
also  ibnns  two  oxides  ;  in  the  one  12.5  of  oxygen  are  united  to  100  of 
[     Hdai,  and  in  the  other  25. 

Among  the  combinations  of  metals  with  oxygen,  some  are  insoluble 
t  ia  water,  or  nearly  so,  and  have  neither  taste  nor  smell ;  others  are  so- 
MUe  and  sonr,  constituting  the  metallic  acids  :  others  are  soluble  and 
licdine,  Ibrming  ihejixed  alcalis  and  alcali'M  earths.  They  are  of  all 
cobors,  and  frequently  the  same  metal  united  to  different  proportion:) 
if  oxygen  produces  compounds  differing  in  colour :  thus  we  have  the 
Uatk  and  red  oxide  of  mercury,  the  white  and  the  black  oxide  of  man- 
pnese,  4*0. 

616.  Aeiian  of  CSdortne. — ^All  the  metals  appear  susceptible  of  com-  Aetio:>of.u. 
with  chlorine,  and  of  producing  a  class  of  compounds  which ''""^- 
■aj  he  termed  metallic  chlorides. 

There  are  a  few  of  the  metals  which  resist  the  action  of  chlorine  at 
common  temperatures,  but  when  heated  they  all  combine  with  it ;  sofiio 
slowly,  others  rapidly  and  with  intense  ignition.  Copper  leaf,  powder- 
ed anthnony,  arsenic,  ^.,  bum  when  thrown  into  the  gas  :  mercun 
and  iron  inflame  when  gently  heated  in  it ;  silver,  gold,  and  platinum 
qiu'etly  absorb  it. 

The  attraction  of  chlorine  for  metals  is  greater  than  that  of  oxygen  ; 
consequently,  when  a  metallic  oxide  is  heated  in  chlorine,  ox}i];iMi  if 
evolved,  and  a  chloride  formed.  The  insoluble  chloridoH  an;  also 
fi>rmed  by  adding  solution  of  chlorine,  or  of  the  soluble  cliloriile^,  or 
of  muriatic  acid,  to  the  soluble  metallic  salts.    Thu^  chloriae  of  silv»^r, 
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which  IB  insohibic,  is  thrown  down  from  the  soluble  nitrate  ot*  silver  by 
solution  of  chlorine,  of  muriatic  acid,  and  of  common  salt. 

The  physical  and  chemical  properties  of  the  chlorides  are  extreme- 
ly various.  They  are  nearly  of  all  colours.  Some  are  unchanged  by 
heat ;  others  undergo  decomposition.  Some  are  soluble,  others  inso- 
luble, in  water.  Several  of  them  decompose  water,  giving  rise  to  the 
formation  of  muriatic  acid,  and  an  oxide  ;  or  in  some  cases  to  a  mxk" 
riate.  The  siune  metal  often  forms  more  than  one  compound  with 
chlorine,  and  these  compounds  are  designated  as  the  oxidet*.  Thus 
we  have  the  protochloride  and  perchloride  of  mercury,  4*c. 

Many  of  the  metals  decompose  muriatic  acid  in  which  case  hydro- 
gen is  evolved,  and  a  metallic  chloride  produced  ;  and  when  metallic 
oxides  are  heated  in  muriatic  acid,  they  generally  give  rise  to  the  for- 
mation of  a  chloride  and  water. 
ictiopofcUo-     516.  Action  of  Chloric  Acid. — The  compounds  of  the  metallic  ox- 
ic  acid.        ij^^  ^,-^^  chloric  acid  are  decomposed  by  heat  with  the  copious  evolu- 
tion of  oxygen,  and  a  chloride  generally  remains  :  some  of  these  salts 
have  been  long  known,  others  only  recently  investigated.     The  oxy- 
cfUoralcs  have  been  scarcely  examined. 
%etioa  •£  lo-     517.  Action  of  Iodine, — Iodine  aided  by  heat  acts  upon  manj  of  the 
'^'  metals,  and  produces  metallic  iodides.     Some  of  these  are  soluble  ii 

water  without  decomposition  ;  others  decompose  water  and  produce 
kydriodatcs  ;  others  are  insoluble.  The  insoluble  iodides  may  gene- 
rally be  formed  by  adding  a  solution  of  iodine  or  of  hydriodic  acid  to 
the  soluble  metallic  salts. 

Iodine  often  combines  in  more  than  one  proportion  with  metals^ 
forming  a  protiodide  and  a  periodide, 

518.  Action  of  Iodic  Acid. — The  compounds  of  this  acid  with  the 
£S  mV^  '^  metallic  oxides  have  been  but  little  examined  :  they  are  decomposed 
by  heat,  sometimes  with  the  evolution  of  oxygen  only  ;  at  others,  io- 
dine is  also  given  off. 
Action  of  hy-     519.  Action  of  Hydrogen. — Hydrogen  forms  permanent  compounds 
in^tu.         ^i^l^  ^^Q  q£  ^j^g  metals  only,  namely,  arsenic  and  tellurium.     It  ap- 
pears to  combine  with  each  in  two  proportions,  forming  two  solid  com- 
pounds, the  hydrurets  or  hydrogurets  of  arsenic  and  tellurium  ;  and 
two  gaseous  compounds,  arsenuretted  and  tellureited  hydrogen.     At  high 
temperatures  it  dissolves  pobissium,  forming  potassiuretled  hydrogen 
gas. 

There  are  many  of  the  metallic  oxides,  and  a  few  of  the  chlorides, 
which  arc  decomposed  by  hydrogen  :  the  oxides  are  reduced  with  the 
formation  of  water,  and  the  chlorides  with  the  production  of  muriatic 
acid. 

520.  Action  of  Water. — Those  metals  which  are  speedily  acted  upon 
Afuyuuf  ^'•^'i^y  common  air  and  oxygen,  are  also  generally  susceptible  of  decom- 
posing water  ;  some  of  them  rapidly,  others  slowly.  There  are  some 
metals  which  are  not  acted  upon  by  air  deprived  of  moisture,  nor  by 
water  deprived  of  air ;  but  moist  air,  or  water  containing  air,  effect 
tlicir  oxidizement :  this  appears  to  be  the  case  with  iron. — Dr.  Mar- 
;»H Ai  L  Hall.  Quarterly  Journal^  vii.  55. 

Water  combines  witli  some  of  the  metallic  oxides,  and  produces  A|- 
dratcd  oxides^  or  metallic  hydrates.  In  these  the  relative  proportion 
of  water  is  definite.  Some  are  easily  decomposed  by  heat,  as  hydrate 
o{  copper  ;  others  retain  water  even  when  heated  to  redness,  as  hy- 
drate of  potassa.. 
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«ei.  Jttiim  of  A"i/rtc  Jeirf.— As  no  metji!  is  soluble  in  an  acid  ei- 
cp|il  in  the  state  of  oside,  and  as  the  greiiter  number  of  metab  areu,° 
v-aprftW  of  decomposing  nitric  acid,  and  of  resolving  it  into  some  of 
Ihr  tAhrr  nitric  cumpoundt,  nitric  acid  ij  a  very  generally  acting  sol- 
tmU  of  lt»e»e  hiidies.  It  dissoWes  all  tlie  metallic  oxides  and  prodnces 
3  Bonnwis  class  of  B«'rro(M.  which  if  prepared  wilh  heat  snd  willi 
e%txm  of  acid,  i^nerally  contain  the  metal  at  its  maximum  of  oiidize- 
meat.  The  iiilratee  are  all  decomposed  by  a  red  heat ;  they  give  off 
a^fen  and  nitrogen,  either  separate,  or  combined,  and  the  metallic 
oxwle  renuuuB.  They  are  alao  decomposed  when  liertted  with  sulphur. 
phcMpborus.  or  charcoal ;  and  sulphurous,  phosphoric,  and  carboniv 
«i*i  «r«  formed  ;  the  phosphoric,  being  ii  fixed  acid,  remains  united 
to  the  metaitir  oxide  ;  while  the  sulphurous  and  carbonic  acids  are 
ny  expelled.  The  nitrates  are  decomposed  by  sulphuric  acid, 
acid  is  evolved,  and  lulpkatet  are  formed. 
the  ncnlral  nilmtes  the  proportion  of  oxygen  in  tlie  acid  is  tn  that 

_  •. g  to  I,     Thus  in  the  nitnite  o\  polassa  48  parts  of  po- 

iog  8  of  oxygen,  are  cirmbined  wilh  54  of  nitric  acid, 
•40  of  oxygen  ;  and  in  the  pemitrate  of  copper,  80  pnrts 
of  copper  containing  16   of  oxygen,    are  combined   with 
acid,  containing  84  of  oxygen. 

1  of  Ammonia. — At  high  temperatures  some  of  the  metaU 
■re  capable  of  decomposing  ammonia.  Liquid  ammonia  dissolves  se- 
leral  of  tlie  metallic  oxides,  and  with  some  of  them  forms  crystalH- 
Eable  compounds.  The  compounds  of  ammonia  wilh  the  oxides  of 
MU,  silver,  and  platinum,  detoniite  when  heated,  and  tbe  oxide  and 

SC3>  mActioa  of  Siilphur. — All  the  metals  appear  capable  of  forRiingAiiim  ■!« 
tAkmreU.  These  are  in  some  cases  formed  by  heating  the  metal  witb>'^"'* 
wfphiir  ;  in  others,  by  decomposing  the  sulphates  ;  and  in  others,  by 
fte  actioQ  of  sulphuretted  hydrogen.  The  sulphurets  are  in  general 
Mttle  ;  some  have  a  metallic  lustre  ;  othersare  without  lustre.  Some 
tn  aoiuble.  others  insoluble  in  water.  Where  the  same  metal  forms 
Orofwlpliitretii.  Ihe  sulphur  in  those  containing  the  largest  proportion 
■  an  exact  simple  multiple  of  the  sulphur  in  those  containing  Ihe  small- 
cit  proporttnn.  When  the  metallic  sulphurets  ore  heated  sume  under- 
r>  DO  change,  as  those  of  sodium  and  potassium  ;  others  sublime  un- 
-I'credassiilphurel  of  mercury  ;  others  lose  a  portion  of  their  sulphur, 
'jd.  if  air  be  admitted,  sulphurous  acid  escapes  and  the  motsi  passes 
uito  the  state  of  oxide,  as  sulphuret  of  lead  ;  others  again  are  entirely 
iecomposed,  the  metal  being  completely  reduced  ;  this  liappens  on 
beatine  lulphnret  of  platinum  or  of  gold.  It  is  doubtful  whether  any 
deAniU  compounds  of^sulphnr  with  the  metallic  oxides  exist. 

SftA.  ffyporu/pfivroin  acid  combines  with  the  metallic  oxides  and 
orodiKe*  n  cliiss  of  salts  termed  hyvoaulphitet.  Severdl  of  these  have 
been  cxamiaed  by  Mr,  Herschel  (^Edinburgh  Philotophieal  Journal,  i.) 
In  umw  of  llieir  characters  they  resemble  the  sulphites:  they  are 
«Mily  soluble  ;  of  a  bitter  or  sweet  taste  ;  and  decomposed  by  a  beat 
below  redness,  and  by  almost  all  other  acids.  Their  solutions  readily 
diiBolre  clitoride  of  silver. 

5*5,  Sulphtiroui  atid  combines  with  many  of  Ihe  metallic  oxides,      ^at-M 
lindoriiig  tulphiui ;  in  some  instances  oxygee  is  iransftirred  from  tie     '  - 
•  tide  to  the  ncid.  and  sulphates  rexnlt. 


Bolphtlei-'i 
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The  svlphites  are  soluble  in  water,  and  have  a  sulphurous  taste  w^ 
smell.  Exposed  to  moist  air,  they  absorb  oxygen,  and  pass  into  tht 
state  of  sulphates.  They  are  decomposed  by  sulphuric  acid,  wUck 
expeU  sulphurous  acid,  and  the  salts  are  converted  into  sulphiteiif 
Wiien  perfectly  pure  they  are  not  affected  by  solution  of  baryta. 

526.  Hyposulphuric  acid  forms  with  the  metallic  oxides  a  class  of  hy- 
posulphates  which  have  been  very  imperfectly  examined.  They  do 
not  afford  precipitates  with  solution  of  baryta. 

527.  Sulphuric  acid,  in  its  concentrated  state,  is  acted  upon  by  a  few-  * 
of  the  metals  only  ;  when  diluted,  some  of  them  are  oxidized  at  the 
expense  of  the  water,  hydrogen  is  evolved,  and  the  metallic  oxide  coii> 
bines  with  the  acid,  producing  a  sulpltaie.     In  these  cases  the  hydro-  «. 
gen  evolved  is  the  indicator  of  the  quantity  of  oxygen  transferred  to  ^ 
the  metal ;  every  volume  of  hydrogen  is  the  equivalent  of  half  a  Foinmft  * 
of  oxygen,  and  accordingly  the  production  of  100  cubic  inches  of  by^ 
drogen,  indicates  the  transfer  of  50  of  oxygen,  or  by  weight  of  about 
17  grains.     As  different  metals  unite  to  different  weights  of  oxygen, 
they  will  obviously  evolve  different  quantities  of  hydrogen.     Tbas,  if 
one  metal,  to  become  soluble  in  sulphuric  acid,  require  to  be  united 
with  15,  and  another  with  30  per  cent,  of  oxygen,  the  latter  will  e?ol?tt    f 
twice  the  volume  of  hydrogen,  compared  with  the  former.  -jx. 

As  the  evolution  of  hydrogen,  during  the  solution  of  a  metal  in  dilute 
sulphuric  acid,  is  referable  to  its  oxidizement,  no  hydrogen  will  be> 
evolved  by  the  action  of  the  acid  upon  an  oxide,  but  it  will  be  oierelf 
dissolved. 

The  sulphates  are  an  important  class  of  salts.     The  greater  number 
of  them  are  soluble  in  water,  and  the  solutions  are  rendered  turbid  bj 
solutions  of  baryta.     They  are  all  decomposed  at  a  red  heat  by  char- 
coal, and  most  of  them  are  thus  converted  into  sulphurets  ;  carbonic   ^ 
acid,  and  carbonic  oxide,  being  at  the  same  time  evolved.  '} 

In  the  neutral  sulphates  the  proportion  of  oxygen  in  the  acid  is  to    \ 
that  in  the  base  as  3  to  1 .     Thus  sulphate  of  soda  is  composed  of  32    ' 
soda  containing  8  of  oxygen,  combined  with  40  of  sulphuric  acid  con- 
taining  24  of  oxygen. 
pSuirhiifeiud       ^28.  Action  of  Sulphuretted  Hydrogen, — It  seems  doubtful  whether 
hjitogtn.      any  of  the  metids  combine  with  sulphuretted  hydrogen.     It  unites  with 
several  of  their  oxides,  and  forms  hydrosutphuretted  oxides.     Many  of 
these  compounds  are  insoluble,  and  may  be  formed  by  adding  a  solution 
ef  sulphuretted  hydrogen,  or  of  hydrosulphuret  of  ammonia,  to  solu- 
tions of  the  respective  metallic  salts.     Sometimes,  however,  a  decom- 
position is  effected  in  these  cases*,  both  of  the  sulphuretted  hydrog^ 
and  of  the  oxide,  and  a  metallic  sulphuret  is  foimed,  the  hydrogen  com- 
bining with  the  oxygen  of  the  oxide  to  form  water,  and  the  sulphur 
uniting  to  the  metal.     In  a  few  cases  the  metallic  oxide  is  reduced. 
The  following  table  shows  tlie  effect  of  sulphuretted  hydrogen  and  of 
hydrosulphuret  of  ammonia  upon  solutions  of  several  of  the  metala,as 
far  as  colour  of  the  precipitate  is  concerned. 
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Ution  of  PkoipkoTut. — Phosphorus  combines  with  the  greater 

-f  the  metals,  foniUDga  series  of  mcUUlic  -phosphitrets.     There  ^Jjjj"^'?^ 

melbodi  of  fonnin^   them  ;  either  by  healing  a  mixture  of 

113  and  the  metal,  or  projecting  phosphorus  upon   the  metal 

ly  heateit  to  redness ;  or  by  beating  a  mixture  of  the  metal 

de,  with  pfaosphorir  acid  and  charcoal.     These  phospbureta 

letallic  luHlre  ;  if  tliey  contain  a  ditlicultly  fusible  metn),  they 

:  fuihle  than  the  metal  ihey  contain  ;  if  an  easy  fusible  metal, 
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less  9«.     They  are  mostly  crystallizable,  and  totally  or  partialij  de- 
composable at  a  high  temperature.     The  greater  number  of  the  phjjji 
phurets  have  only  been  examined  by  Pelletier, — Annales  de  Ckbti^ 
Tom  i.  €t  xiii.  and  Miiuoires  et  Observations  de  Ckimie'.  *  f- 

nraipVain.  ^^0*  The  riuUtllic phosphates  may  be  formed  either  by  dissolving  At 
oxides  in  phosphoric  acid,  or  by  adding  a  solution  of  phosphoric  acid, 
or  of  an  alcaline  phosphate,  to  solutions  of  those  metals  wliich  fonn  inso- 
luble or  diiiicultly  soluble  phosphates.  The  greater  number  of  the 
phosphates  are  decomposed  by  ignition  with  charcoal  ;  and  those  coe- 
taining  volatile  oxides  are  volatilized  at  high  temperatures. 

In  the   neutral  phospates  the  quantity  of  oxygen  in   the  acid  is  to 
that  in  the  base  as  2  to  1 .     Thus  phosphate  o£  soda  consists  of  St , 
soda  containing  8  oxygen,  and  28  phosphoric  acid  containing  16  of 
oxygen. 

6^{1.  When  phosphorus  is  introduced  into  the  solutions  of  those  me- 
ta's  which  have  but  a  feeble  attraction  for  oxygen,  it  reduces  them  to 
the  metallic  state.     Thus  gold,  silver,  and  platinum  are  thrown  dowa 
by  immersing  a  stick  of  phosphorus  into  their  respective  solutions. 
letkAofcir-     532.  Action  of  Carbon, — Carbon  unites  to  very  few  of  the  arietek, 
^^  and  of  the  metallic  carburets,  one  only  is  of  importance,  namely  car« 

buret  of  iron,  or  steel. 

533.  Carbonic  acid  unites  wifh  the  greater  number  of  the  metallic  ox- 
ides and  forms  Carbonates,  of  which  the  distinctive  characters  have  al- 
ready been  noticed  ;  many  of  them  are  of  difhcult  solubility,  and  may 
be  formed  by  adding  an  alcaline  carbonate  to  the  metallic  solution.  ^Of 
the  carbonates  some  arc  entirely,  and  others  only  partially  decompos- 
ed at  a  red  heat.  Carbonate  of  magnesia,  for  instance,  loses  the 
whole  of  its  carbonic  acid  at  a  red  heat ;  carbonate  of  potassa  retains 
it ;  and  bi-carbonate  of  potassa  loses  one-half  and  passes  into  the  state 
of  carbonate, 
iiet'ton  f  Bo-  ^^'^'  -^''^  dction  of  Boron  upon  the  metals  has  not  been  investigated, 
roo.  though  it  appears  from  the  experiments  of  Descotib,  (^Reeherches  Ph^i' 

co'chymiques  de  M.  M.  Gay-Lussac  et  Thenard)  to  be  capable  of  unit- 
ing to  platinum  and  iron.  These  compounds  may  be  called  borvrets. 
The  metallic  borates  arc  numerous  but  mostly  unimporUmt  Many  of 
them  are  insoluble  and  easily  formed  by  adding  solution  of  boracic  acid^ 
or  a  soluble  borate  to  the  metallic  solution. 

535.  Action  of  the  Metals  upon  each  other. — The  metals  may  for  the 
ilu^"on'eTch  n^<>s^  P^^^  ^®  Combined  with  each  other,  forming  a  very  important  dart 
vther-  of  compounds,  the  metallic  alloys.     Various  processes  are  adopted  in 

tlie  formation  of  alloys  depending  upon  the  nature  of  the  metals. 
Many  are  prepared  by  simply  fusing  the  two  metals  in  a  covered  cro- 
cible  ;  bnt  if  there  be  a  considerable  difference  in  the  specific  gravity 
of  the  metals,  the  heavier  will  often  subside,  and  the  lower  part  of  the 
bar  or  ingot,  will  differ  in  composition  from  the  upper;  this  maybe 
prevented  by  agitating  the  alloy  till  it  solidifies.  Mr.  Hatchett  found 
that  when  an  alloy  of  gold  and  copper  was  cast  into  bars,  the  mooUs 
being  placed  perpendicularly,  the  upper  part  of  the  bar  contained  more 
copper  than  the  lower. — Phil,  Trans,  1803. 

Where  one  of  the  metids  is  very  volatile,  it  should  generally  be  ad- 
4ed  to  the  other  aAer  its  fusion  ;  and  if  both  metals  be  volatile,  they 
may  be  sometimes  united  by  distilling  them  together. 
II  has  been  a  qfuestion  whether  alloys  are  to  be  considered  as  couh 


I,  wr  M  nere  miitures  ;  but  iheir  properties  leave  Little  doubt 
tg  real  compoiintis,  and  in  some  cases  they  are  fauad  to 
B4«£nite  proportions  only;  and  it  is  probable  that  all  the  alloys 
II K  definite  compound  of  the  two  metals. 
.S3G.  The  principal  cbaracten  of  the  alloys  are  the  following  : 
i.  We  olwerve  a  change  in  the  ductility,  malleability,  hardness,  and 
colour.     UsUeability  and  ductility,  are  usually  impaired,  and  often  111^^ 

rcawritable  degree  ;  thus  gold  und  lead,  and  gold  aud  tin,  form  abrittle 
Mkiy.  The  alloy  of  copper  and  gold  is  harder  than  either  of  ilH  com- 
.'MDt  pnns;  aud  a  minute  quantity  of  arsenic  added  to  copper,  ren- 
6tn  it  while. 

ii.  The  specific  gravity  of  an  atloy  is  rarely  the  mean  of  its  coinpo- 
neat  parts,  in  some  cases  an  increase,  in  others  a  diminution  of  density 
hjftog  taken  place,  as  shown  by  the  following  Table  from  The oard. — 
Train  dt  Ckimie,  VoL  i.  p.  394. 


Jlk>Ti  f— .utI  oT  nuct  tfti^c  fmr'^'f 


^^        Tin 

Pallwliuin 


Gold  and  Silver 


Silver  Slid  Copfet 
Cupp«  niid  i^id 
Ino  and  Bi^uth 

Amumij' 

Tm  und  Lend 

f^Uuliuni 


RMiBsDn  A  Moljbdennni 
PKlUdinm  and  Biaoiulli 

The  fusibility  of  an  alloy  is  generally  greater  than  that  of  its 
Thus  platinum,  which  is  infusible  in  our  common  fur- 
uceii,  forma,  when  combined  with  arsenic,  a  very  fusible  alloy ;  and 
an  alluy  of  certain  proportions  of  lead,  tin,  and  ^mutb  is  fusible  at 
Hi",  a  temperature  several  degrees  below  the  meltiog  point  of  its 
»o»l  fusible  constituent, 

ir.  Alloys  are  generally  loore  onidizable  than  their  coiiGtituents 
•■ken  Mngly ;  a  property  which  la.  perhaps,  partly  referable  to  the 
fan  electrical  combination.  Where  an  alloy  consists  of 
the  one  easily  and  the  other  difiicultly  oiidizable,  it  may  be 
by  expo-fing  it  to  the  action  of  heat  and  air,  the  former 
ttM!(al  btiag  converted  into  an  oxide  ;  its  last  portions,  however,  are 
attmn  oM  easily  separated,  being  protected  by  combination  with  the 
lewl  ooidable  metal.  An  alloy  of  three  parts  of  lead  and  one  of  tin 
is  ia&tilely  ^^ire  oxidizable  than  either  of  its  components,  and  easily 
banw  at  a  dull  red  heat. 

V.  Thr  action  of  acid^  on  alloys  may  generally  be  anticipated  by  a 
koinrledge  of  their  effects  upon  the  constituent  metals ;  but  if  a  9ol<i*,^c^lu^|lE^ 
-^r  mclnl  be  itlloyed  with  an  insoluble  one,  the  former  is  often  protect- '- 
- 1  try  the  latler  from  the  action  of  an  acid.     Thus,  silver  alloyed  with 
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a  large  quantity  of  gold,  reNsts  the  action  of  nitric  acid  inconsequence 
of  the  insolubility  of  the  latter  metal  in  that  acid  ;  and,  in  order  to  ren- 
der it  poluble,  it  is  requisite  that  it  should  be  made  to  form  about  a 
fourth  part  of  the  alloy,  in  which  case  the  nitric  acid  extracts  it,  and 
leaves  the  gold  in  an  insoluble  film  or  powder. 

537.  Various  classifications  of  the  metal<  have  been  adopted  by  che- 
mical authors  ;  some  dependent  upon  their  physical,  others  upon  their 
chemical  properties.     The  former  can  scarcely  be  considered  as  adapt- 
ed to  chemical  inquiry,  and  the  latter  involve  numerous  difficulties  ia 
consequence  of  the  gradual  transition  of  metals  of  one  class  into  those   j 
of  another.     1  shall  consider  the  metals  in  the  order  in  which  they  are'  ^ 
set  down  in  the  following  Table,  and  which  is  nearly  that  of  their  re-   " 
spectivc  attractions  for  oxygen. 


McUlt  in  thr 
order  of  their 
•ttnctiou  for 
m/gfe*. 


1 

Potassidm 

2 

Sodium 

3 

Lithium 

4 

Calcium 

5 

Barium 

6 

Strontium 

7 

Magnesium 

8 

Manganese 

9 

Iron 

10 

Zinc 

11 

Tin 

12 

Cadmium 

13 

Copper 

14 

Lead 

15 

Antimony 

16 

Bismuth 

17 

Cobalt 

18 

Uranium 

19 

Titanium 

20 

Cerium 

21 

Tellurium 

22 

Selenium 

23 

Arsenic 

24 
25 

Molybdenum 
Chromium 

26 
27 

Tungsten 
Columbium 

28 

Nickel 

29 
30 

Mercury 
Osmium 

31 

Iridium, 

32 

Rhodium 

33 

Palladium 

34 

Silver 

35 

Gold 

36 

Platinum 

37 

Silicium 

38 

Alumium 

39 

Zirconium 

40 

Glucium 

41 

Yttrium 

42 

Thorinum 
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Of  the<>c  metals  the  first  seven  produce  alcaline  oxides  which  are 
very  difficult  of  reduction  ;  and  they  rapidly  decompose  water  at  all 
temperatures,  a  character  which  announces  their  powerful  attractioa 
for  oxygen  ;  the  next  five  decompose  water  when  their  temperature  is 
raised  to  redness  :  the  ten  following  do  not  decompose  water  at  a  red 
heat ;  nor  do  the  next  (i\e^  which  produce  acids  by  uniting  to  oxygen. 
The  oxides  of  these  twenty-seven  metals  are  not  reducible  by  heat 
alone,  though  some  of  them,  when  heated,  give  out  a  portion  of  oxy- 
gen. The  nine  metals  which  next  follow,  osmium  excepted,  have  a 
comparatively  feeble  attraction  for  oxygen  ;  and  when  their  oxides  are 
heated,  they  are  reduced  to  the  metallic  state.  The  last  six  metals  are 
placed  in  the  list  from  analogy ;  they  are  only  known  in  the  state  of 
oxides,  which  have  not  hitherto  been  reduced. 


£J«.  Tuia  metal  was  djacovered  in  1807  by  Sir  Humphry  Davy,— 
Phili*.  Trans.  IS08),  He  obtained  it  by  submitting  cnusUr  poUuj'gQ, 
r  potash,  to  the  action  ol'  Voltaic  electricity  ;  the  Dieial  was  slowly 
>  ..|»ed  at  the  negative  pole.  By  this  proccBs,  however,  it  could  only 
'"  procared  in  very  minute  quantities  ;  and  various  other  methods 
I  lie  been  devised,  of  which  the  best  is  that  described  by  Gay-Lusaat; 
iL..I  Thenard.  {Rtcherfkei  Phiitico-chijiniquti.)  It  is  as  ibllows  : 
.i39.  A  sound  and  perfectly  clean  gUD-harrel  is  hent,  as.ahowo  in  the 
Tieifd  iketcb.     U  u  then  covered  with  an  infusible  lute  between  the 


r  the  letters  o  and  £  (fig-l-)  "^'^  t***  interior  of  the  luted  part  is  tilled 
with  clean  iron  turnings.  Pieces  effused  potaGsa  are  then  loosely  placcit 
in  the  barrel  between  e  and  c.  a  *  is  a  copper  tube  and  small  receiv- 
which  are  adapted  to  the  extremity  o,  and  to  esch  other  by  grind- 
-i.  This  apparatus  is  next  ti'ansferred  to  thefarnace,  urrangedns 
-'luMD  iu  tig.  2,  %  and  t  representing  hvo  gliisa  tubes  dipping  into  mcr- 
<  iiry.  The  furnace  is  supplied  nith  air  by  a  good  double  bellows  en- 
'eriQg  at  a,  and  a  small  wire  basket  c,  is  suspended  below  the  spHce  e  c. 
The  port  of  the  barrel  in  the  turnuce  is  now  cautiously  raised  to  u 
•hite  heal,  and  the  escape  of  air  by  the  tube  x  shens  that  hU  is  tight. 
Suroe  bqming  charcoal  is  then  put  at  the  end  e,  of  the  ci^  c,  wliich 
rausca  a  portion  of  potnssa  to  liquefy  and  fall  into  the  low  part  of  the 
b.inrl  upon  the  irou.  Hydrogen  gas  instantly  escapes  by  the  lube  x, 
ami  allciitiau  must  now  he  had  to  keep  the  copper  tubes  k.  a  cool,  by 
laying  wet  cloths  upontliem.  When  the  evolution  of  gas  ceases,  fresh 
charcttali*  phiced  under  the  potassa,  and  so  on  tiji  the  whole  ha»  passed 
down  ;  if  tuu  much  potassa  be  suffered  to  fait  at  once,  the  estricution 
cf  ipsal  X  will  be  very  viiileul,  which  should  be  avoided.  If  the  space 
between  a  and  o  should  become  stopped  by  potassium,  giia  will  issue  by 
^  tube  T  (which  must  always  he  under  a  greater  pressure  of  (iui':k< 
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silver  than  the  tabe  z),  and  it  may  be  fused  by  applying  hot  charcotlto 
the  tube,  when  the  gaa  will  again  appear  at  x  and  cease  at  t.  Wha 
the  operation  is  concluded,  the  tubes  x  and  t  are  removed,  and  coria 
quickly  applied  to  the  holes  ;  and  when  the  apparatus  is  cool,  the  bar- 
rel is  carefully  removed  from  the  furnace,  and  a  little  naphtha  sofltad 
to  run  through  it.  The  potassium  is  found  in  globules  in  the  tube 
receiver  a  a,  and  considerable  portions  often  lodge  at  o.  The 
cess  of  this  operation  is  certain,  if  the  heat  has  been  sufficient ;  bol 
the  barrel,  if  not  very  carefully  covered  with  lute,  is  apt  to  iiielt«  atti 
much,  if  not  the  whole  of  the  product  is  lost. 

540.  Potassium  is  a  white  metal  of  great  lustre.     It  instantly  tir- 
chMikfiter.     nishes  by  exposure  to  air.     It  is  ductile,  and  of  the  consistency  of  mA 

wax.  Its  specific  gravity  is  0.85.  At  150^  it  enters  into  perfect  fit- 
sion  ;  and  at  a  bright  red  heat  rises  in  vapour.  At  32^  it  is  a  hard  aad 
brittle  solid.  If  heated  in  air  it  burns  with  a  brilliant  white  flame.  It 
is  an  excellent  conductor  of  electricity  and  of  heat. 

541.  Potassium  and  Oxygen. — When  potassium  is  thrown  into  waltr 
wiSfoz*' en  ^^  instantly  takes  fire  ;  hydrogen  gas  is  evolved,  and  oxide  ofpciamwm 

^  '  or  potassOy  is  found  dissolved  in  the  water.     The  quantity  of  hydn^gM  i 
evolved  in  this  experiment  becomes  the  indicator  of  the  propoitioB  af  Jjl 
oxygen  which  has  been  transferred  to  the  metal ;  100  parts  of  polai-*^ 
siom  are  thus  found  to  absorb  20  of  oxygen  ;  and  if  this  be  consulend 
a  protoxide,  then  20  :  100  :  :  8  :  40, — so  that  40  will  be  the  number 
representing  potassium,  and  40  P.  -(-  8  O.  ^=  48  will  represent  diy 
oxide  of  potassium. 

542.  Potassa,  in  the  state  it  is  usually  met  with  in  laboratories,  con- 
tains a  considerable  portion  of  water,  from  which  it  may  be  freed  by 
the  action  of  iron  at  high  temperatures,  and  there  always  remains 'ia 
the  barrel,  after  the  above  experiment,  a  large  portion  of  dry  polosta. 
It  is  a  hard  grey  substance,  which,  by  water,  is  slowly  converted  into 
the  hydrated  oxide y  or  caustic  potash,  which  may  be  obtained  by  eva- 
poration. This  substance,  after  exposure  to  a  red  heat,  is  white 
and  very  soluble  in  water ;  it  may  be  considered  as  a  compound  of  1 
proportional  of  protoxide  of  potassium  =  48-1-1  proportional  of  water 
9  and  its  number  =  57. 

paovdi.  ^^^'  ^***o^*^*  of  Potassium, — If  the  metal  be  heated  in  considerable 

excess  of  oxygen,  it  burns  with  intense  hcrit  and  light,  and  an  orange-co- 
loured substance  is  obtained,  which  consists  of  40  potas8ium-{-24  oiy- 
gen=64.  This  peroxide  of  potassium,  when  put  into  water,  effervei- 
ces,  oxygen  is  given  off,  and  a  solution  of  the  hydrated  protoxide  k 
obtained.  Peroxide  of  potassium  is  also  formed  by  passing  oxypa  i 
over  potassa  heated  to  redness. 
1^  of  pro-  544.  The  hydrated  protoxide  or  caustic  potash^  *s  procured  in  oaf 
MrujK^eau*  '<^ [^j^Q^Q^QPigg  ^y  decoinposing  its  carbonate  by  lime.  The  best  process  *. 
consists  in  boiling  in  a  clean  iron  vessel,  carbonate  of  potassa,  (obtain- 
ed by  calcining  tartar)  with  half  its  weight  of  pure  quick  lime,  in  water. 
The  ley  is  strained  through  clean  linen,  concentrated  by  evaporation, 
again  strained,  and  set  by  in  a  well-stopped  bottle  till  it  admits  of  being 
decanted  clear  from  the  sediment.  The  clear  solution  is  to  be  evapo- 
rated to  dryness.  It  is  often  cast  into  sticks  for  the  use  of  surgeons, 
who  employ  it  as  a  caustic,  and  in  this  state  it  generally  contains  seme 
peroxide,  and  therefore  evolves  oxygen  when  dissolved  in  water.  It 
is  the  potatsa  fusa  of  the  London  Pharmacopceia.    It  may  be  further 
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mirified  by  the  action  of  alcohol,  which  dissolves  the  pure  hjdrate  and 
iBKf  C8  earthy  and  other  impurities  ;  the  alcohol  is  then  driven  off  hy 
bait  In  this  case  the  alcohol  is  always  in  some  measure  acted  upon 
llj  te  potasaa,  and  a  portion  of  carbonaceous  matter  deposited,  so  that 
it  thodd  be  allowed  to  remain  as  short  a  time  as  possible  combined 
wkh  the  akali.  Having  obtained  the  dry  caustic  alcali  by  lime,  it  may 
be  boiled  in  a  silver  basin  with  highly  rcctiti$.'d  alcohol  for  a  few  \ 

■■— fai,  and  then  set  by  in  a  stopped  phial ;  when  the  impurities  are  ' 

^cfMited,  the  alcoholic  solution  may  be  poured  off  and  nipidly  evapo- 
rated to  dryness  iii  a  silver  basin  as  before  :  the  heat  may  then  be  rais  • 
;     ed  so  as  to  fiise  the  potassa,  which,  on  cooling,  sliouhl  be  broken  up 
wdnreseTTed  in  well-closed  phiaU. 

Bhfdrate  ofPotasta  thus  puritied  is  white,  very  arrid  and  corrosive, 

Md  at  a  bright  red  heat  evaporates  in  the  form  of  white  acrid  smoke. 

It  ipnckly  absorbs  moisture  and  carbonic  acid  from  the  air,  and  at  60^ 

sae  part  of  water  dissolves  two.     It  may  be  crystidlizcd  in  octoedrons. 

h  is  highly  alcaline,  and  being  exclusively  procured  from  vegetables 

WH  ibnnerly  called  vegetable  alcali.     When  touched  with  moist  fingers  (Character. 

^^Ahas  a  soapy  feel,  in  consequence  of  its  action  upon  the  cuticle.     In 

■  ^Ihe  fined  state  it  produces  heat  when  dissolved  in  water  ;  but  in  its 

mi  cifslslliafd  state  it  excites  considerable  cold,  especially  when  miifed 

f    with  snoir.     At  a  natural  temperature  of  30^,  M.  Lowitz  found  that 

f     aipnl  weights  of  crystallized  potassa  and  snow  depressed  the  thermom- 

{      Her  46*.--njiaiia/M  de  Chimie,  xxii. 

1         546.  dhlorine  and  Potassium  act  very  energetically  on  each  other, 

aid  produce  the  white  compound  which  has  been  call  edim/riafe  of  potash, ^^^^^^' 
bat  which  is  a  tme  chloride  of  potassium,  consisting  of  40  P.  +  36  Ch. 
When  potassium  is  heated  in  gaseous  muriatic  acid,  this  compound  is 
firnned,  and  hydrogen  is  evolved.  It  dissolves  without  decomposition 
in  three  parts  of  water  at  60^.  It  crystallizes  in  cubes  ;  its  taste  is  sa- 
I  line  and  bitter.  In  old  pharmacy  it  was  called  salt  of  Sylvius ;  also,  re- 
f     generated  seo'salt, 

I         646.  Odorait  of  Potassa  is  formed  by  passing  chlorine  through  a 
F      eolntion  of  potassa.     Chloride  of  potassium  is  one  of  the  results,  the 
other  is  a  salt  in  brilliant  rhomboidal  tables  (formerly  called  oxymu- 
riate  of  potash),  the  chlorate. 

This  salt  is  prepared,  upon  the  large  scide,  by  charging  one  or  two 
Wolfe^s  bottles  with  solution  of  carbonate  of  potassa,  and  passings 
cUorine  slowly  through  it :  the  gas  is  absorbed,  and  the  liquor  effer- 
vesces chiefly  from  the  escape  of  carbonic  acid ;  when  this  has  ceased, 
the  liquor  may  be  put  aside  in  a  cold  dark  place  for  about  24  hours, 
when  it  will  be  found  to  have  deposited  a  considerable  portion  of  the 
crystallixed  chlorate,  which  may  be  taken  out,  drained,  and  purified 
by  solution  in  hot  water,  which,  during  cooling  again,  deposits  the  salt 
in  white  crystalline  scales.  The  liquor  is  generally  of  a  pinkish  hue, 
from  the  presence  of  manganese. 

The  taste  of  this  salt  is  cooling  and  austere.  When  triturated  it 
appears  phosphorescent.  When  exposed  to  a  dull  red  heat  it  decrepi- 
tates, fuses,  and  gives  out  oxygen,  and  chloride  of  potassium  remains. 
Tt  is  soluble  in  1 8  parts  of  cold  and  2.5  of  boiling  water,  it  acts  very 
energetically  upon  many  inflammables  and  triturated  with  sulphur, 
phosphorus,  and  charcoal,  produces  inflammation  and  explosion.  A 
mixture  of  three  parts  of  this  chlorate  with  one  of  sulphur,  detonate** 

r.  n 
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louclly  when  struck  upon  an  anvil  with  a  hammer,  and  even  admetiBMi 
explodes  spontaneously ;  hence  it  should  not  be  kept  ready  mix^d. 
Chlorate  of  potassa  was  proposed  by  BerthoUet  as  a  snbstitate  far 
nitre  in  gunpowder.  The  attempt  was  made  at  Essone  in  1788  ;  b«t, 
as  might  have  been  expected,  no  sooner  was  the  mixtani  of  the 
chlorate  with  the  sulphur  and  charcoal  submitted  to  trituration,  than  it 
exploded  with  violence,  and  proved  fatal  to  several  people.  With 
phosphonis  the  detonation  is  dangerously  violent.  These  phsnoneii* 
depend  upon  the  decomposition  of  the  chloric  acid.  The  actum  oT 
sulphuric  acid  upon  chlorate  of  potassa  has  already  been  adverted  to 
(217).  If,  instead  of  distilUng  the  yellow  mixture  of  the  acid  aad 
chlorate  with  the  caution  there  described,  it  be  heated  to  aboat  lfiO*« 
it  suddenly  explodes.  The  theory  of  the  production  of  chloric  dxido 
appears  to  be  as  follows  :  the  sulphuric  acid  expels  one  proportional 
of  oxygen  from  the  chlorate,  and  the  potassium  absorbs  one  proportion* 
al  to  produce  potassa,  which  gives  rise  to  sulphate  of  potaiaa;  tho 
rem.'umng  four  proportionals  of  oxygen  and  one  of  chlorine  form  the 
oxide  of  chlorine. 

When  sulphuric  acid  is  poured  upon  mixtures  of  this  salt  aid  com- 
bustibles, instant  ignition  ensues  in  consequence  of  the  fvoliition  of 
oxide  of  chlorine,  and  when  sulphuric  or  nitric  acids  are  poarednpon 
similar  mixtures  under  water  by  means  of  a  long  funnel*  inflammation 
also  ensues. 

A  few  grains  of  chlorate  of  potassa  put  into  a  tea-spoonliil  of  mui» 
atic  acid,  and  then  diluted  with  water,  form  an  extemporaneoas  bleach- 
ing liquor. 

Chlorate  of  Potassa  consists  of  one  proportional  of  chloric  arid  and 
one  of  potassa,  or  76  C.  A.  4*  48  F.  Its  ultimate  components»  theM- 
fore.  are 

6  proportionals  of  oxygen  •  •  •  ■  )  ^  40 
5  in  the  acid  and  1  in  the  alcali   ) 
1  proportional  of  chlorine ....     =  3B 
1  potissium.  .  .     =40 

124 

647.  Oxyckhrate  of  Potassa  may  be  formed  by  moistening  one  ptfl 
ef  chlorate  of  potassa  with  three  of  sulphuric  acid,  and  ^a^equem^  .. 
rarefulN  heating  the  mass  till  it  becomes  white  :  in  this  state  it  connrtl  • 
of  bisulphato  and  o\y chlorate  of  potassa,  which  may  be  separated  M 
solution  and  rryslnllization,  the  former  being  much  more  soluble  in  ooH 
water  than  the  latter  salt. 

Oxyrhlorato  of  potassa  docs  not  chimge  vegetable  colours,  nor  is  it 
altered  by  exposure  to  air.     It  requires  rather  more  than  60  parts  rf 
water  at  (10^  for  its  solution.     It  is  insoluble  in  alcohol.     It  crystalliiil 
in  elongated  octoi-drons.     When  mixed  with  its  own  weight  of  sulphanc 
acid«  and  distilled  at  280^,  solution  of  oxychloric  acid  passes  over,    tt 
may  be  decomposed  by  exposure  to  a  temperature  of  412*>.     Oijgm  'Z 
i<  pven  ofl\  and  chloride  of  potassium  remains  in  the  retort.     TbiiHl  '- 
is  thus  found  to  consist  of  one  proportional  of  oxychloric  acid  ^98^  p 
one  proportional  potassa  =  48,  and  its  representative  number  ii  tiMl^  ." 
fore  =  140, 


iwlWf W[Pal0MMni.  loduMJIml^utiitpiuiii aet upon cMch  other 
mnMemj;  and  ^  crataDiBe  compmiiid  u  obtained,  wUte  and 
Tk0  hydriofic  aeid  and  potaaaa  produce  a  sioular  comnonnd. 
Whmn  iodine  is- pot  into  solution  of  potassa,  the  rMHtts  are 
r  Misma  and  iodide  of  potassioni :  (he  latter  maj  be  reinbTed 

I  wf  PotaM,  ia  a  white  difficultly  soluble  salt,  which  al  a  red  he^t 
■I  «nen,  and  is  converted  into  iodide  of  potassiuni«i— ^Ar- 
»jiwi.  de  CMn.,  xci. 

n  amd  A^men.— When  potassium  is  heated  in  hydro* 
a  portion  of  the  gas,  ana  produces  a  grey  and  hif^ily 
iUe  ktidrmret.  When  hydrogen  and  potassium  are  passed  to* 
iywigi  ft  white  hot  tube,  the  gas  dissolves  the  metal,  and  pro* 
■paoianeonsly  inflammaUe  potoBiiuretted  hffdrogtm  ga$.  Bptti 
are  nsually  formed  during  the  operation  for  draining 
■n-hj  the  jpn-barrel. 

Mwau  ofPotaua — NUrt — BaUpttre.    This  salt  is  an  sbondiBmt 
wtuimJL,  and  is  principaUy  brought  to  this  country  from  the 
mM»  wftere  it  is  produced  by  lizi  viation  from  certain  soils. 

nitre  imported  from'the  East  Indies  is  in  Inroken  crystals 
:Coloar,  and  more  or  less  deliquescent:  exclusive  of  other 
k  often  contains  a  very  considerable  proportion  of  common 
fe-acting  uppn  the  nitre,  induces  the  production  of  nitrate 
cUoride  of  potassium. 

and  France  it  is  artificially  produced  in  what  are  termed 
henard  {Traiti de Oiemie KUmentairef  Tom.  ii.,  p.  611.) 
the^French  process  at  length.  It  consists  in  lixiviating 
rubbish,  which  when  rich  in  nitre,  affords  about  five  per 
Refuse  animal  and  vegetable  matter  which  has  putrified  in  con- 
h  calcareous  soils  produces  nitrate  of  lime,  which  affords  nitre 
ture  with  subcarbonate  of  potassa.  In  the  same  way  it  is  abun- 
produced  in  some  parts  of  Spain.  Exudations  containing^  salt- 
ire  not  uncommon  upon  new  walls,  where  it  appears  to  arise 
he  decomposition  of  animal  matter  contained  in  the  mortar.  It 
ig  a^  shown  by  Glauber,  that  a  vault  plastered  over  with  a 
*.  of  lime,  wood-ashes,  and  cows'  dung,  soon  becomes  covered 
lorescent  nitre,  and  that  afler  some  months,  the  materiab  yield, 
iation,  a  considerable  proportion  of  that  salt 
)  ciystrilizes  in  six-sided  prisms,  usually  terminated  by  dihedral 
• ;  it  dissolves  in  7  parts  of  water  at  60^,  and  in  its  own  weight 
.  Its  taste  is  cooling  and  peculiar.  It  consists  of  one  proper- 
f  acid  «=  54  -1-  one  proportional  of  potassa  =  48.     Or  of 

6  proportionab  of  oxygen }  ^q 

5  in  the  acid  and  1  in  Uie  alcali  .  •  ) 

1  proportional  of  nitrogen 14 

1  ■  potassium ....    40 

102 
When  exposed  to  a  white  heat,  nitre  is  decomposed  into  oxy- 
Ingen,  and  dry  potassa.     It  fuses  at  a  heat  below  redness,  and 
b  on  cooling  into  cakes  called  stUprtmeUe, 
e  temperature  of  nitre  be  so  fer  mcreased  as  to  allow  a  pormn 
|BA  to  escape,  the  remaining  salt,  as  Scheele  first  observed,  rli-  ^ 
iieatnd,  and  in  this  state  it  has  been  considered  as  forming  a  ii^ 
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Nitre  is  rapidlj  decomposed  by  cluffcoal  at  a  red  belt;  aad,i 
of  charcoal  beoised,  tbe  results  are  carbonic  oside  and  acid,  b 
and  subcarbonate  of  potassa,  formerly  call^  twtnwt^jpMw,  a 

The  old  chemists  used  to  perform  this  detonatioii  in  retoitsi 
ed  with  capacious  receivers,  which  were  generally  blown  to 
sometimes  they  succeeded  in  obtaining  a  little  addnlated  wile 
they  called  dywu*  of  nUre^  and  attributed  to  it  wonderfiilmaJ 
tues. 

When  phosphorus  is  thrown  upon  nitre,  and  inflaoBed,  a  vr 
bustion  ensues,  and  a  phosphate  of  potassa  is  formed.- 
aprinkled  upon  hot  nitre  bums  and  produces  a  miztnre  of  aoib 
sulphite  of  potassa.  This^t  used  formerly  to  be  emf^trnf 
cine,  under  the  name  of  Gktur^M  polychrtH  tali,  Hbsfiot  thf 
when  in  filings  or  powder,  detonate  and  bum  when  thrown  oa 
nitre ;  some  of  tl\e  more  inflamlnable  metals  produce  in  tikia  wi 
siderable  explosion. 

653.  A  mixture  of  three  parts  of  nitre,  two  of  drr  anbcail 
potassa,  and  one  of  sulphur,  forms  fidfrnnoHng  ^mmier^  Um 
this  compound  be  heated  upon  a  metallic  plate,  it  blackena,  ft 
explodes  with  much  violence,  in  consequence  of  the  rapid  siclii 
sulphur  upon  the  nitre. 

664.  Gmnpomder  consists  of  a  very  intimate  mixture  of  nitra,  i 
and  charcoal.  The  proportions  vary.  The  following  are  dm 
ly  employed: 


Sal^tre  .  .  76.0  78  76  66 

Charcoal  . .  12.6  12  16  16 

Sulphur ...  12.6  10  9  20 

The  latter  contains  the  smallest  quantity  of  saltpetre,  as  it  J 
less  auickfusi  or  strength.  The  ingredients  atb  perfectly  mixc 
tenea,  beaten  into  a  cake  which  is  afterwards  broken  up,  gra 
dried,  and  for  the  finest  powder  polished  by  attrition.  The  i 
of  the  explosion  of  gunpowder  depends  upon  the  sudden  prodc 
gaseous  matter,  resulting  from  the  action  of  the  combustibles  « 
nitre.  Carbonic  oxide,  carbonic  acid,  nitrogen,  and  sulphuro 
are  the  principal  gaseous  results ;  and  the  solid  residue  consisti 
carbonate,  sulphate,  andsulphuret  of  potassa,  and  charcoal. — i 
SBAiTKs,  J^ichoUan's  Journal,  iv. 

Gunpowder  may,  it  is  said,  be  inflamed  by  a  violent  Wow ;  i 
^J^P^^<*ered  g^ass,  or  any  other  harder  substance,  and  stm 
a  heavy  nammer  upon  an  anvil,  it  almost  always  ex^odes. 

-k^'  ^^*^««w»  wiites  to  Sulphur  with  the  evolution  of  much  1 
Ug^t,  and  forms  a  grey  compound,  which,  when  acted  upon  bi 
pro^ces  sulphuretted  hydrogen.  It  consists  of  40  P.  +  16  S 
666.  Potassa  and  Sulphur,  when  fused  together,  form  a  red 
retofpuassa.  (Uver  of  Sulphur.)  Its  taste  is  bitter  and  acrii 
deliquescent  and  very  soluble  in  water,  forming  a  yellow  aoi 
hydroetOg^ret  ofpotatea.  The  action  of  the  sulphuret  of  poi 
wateriacomplicatad,  and  has  been  variouslv  explained.   Bvafla 


u-iuLPHiTc  or  roMHA. 

lund  of /»t/a»iui»Ktdiolphiir ;  in  which  cau,  when 

hydrogcu  is  iAputed  to  the  snlphor,  and  oxygen 

da  sulphurelof  pottms  with  eiceu  of  ■ulphur 

irettcd  lulphuret  of  potasia)  u  formed.     If  we  conaider  the 

»  mMBting  of  potiusa  ani  Bolphnr,  then,  the  oxygen  as  well 

■  tbMrogcn  or  the  water,  must  be  tninaferred  to  the  gtUpbnr,  and 
nl|lnciiH]>ul]iburou«  aciJ,  and  sulphuretted  hydrogen,  would  be 
tndi  wd  general!}  when  the  solutions  of  the  liviri  of  nUphur  are 
cnwcd,  Mil)ih3te  and  sulphite  of  the  alcali,  are  found.  On  the  whole 
tWRtr,  il)p|iear3  moat  probable,  that  when  sulphur  and  the  alcaliea  ' 
■eUbftther  Ht  a  high  temperature,  the  latter  undergo  decompo- 
ibia.allhat  aulpburetH  of  their  metaUic  baaes  are  actually  formed. 
yMVailJiii.de  Chim. 

SBH,B<ifMlfhite  of  Potasta  is  formed  by  decomposing  hydroaalphu- 
rrlbfpoiMialiysoIphuroue  acid  and  evaporatiDg  to  a  peUicIe,  when 
I'  iwacicuiar  crystals,  of  a  cooling  bitter  taite,  and  deUqneacent 
'  '^-  Wpl^t  af  Potasia  is  formed  by  paaiing  mlj^nroua  add  into  a 
'x'^UdEiafpttMM,  and  evapomtiug  out  m  the  contact  of  air.    Rfaom- 
hidaliildH  ire  obtained,  white,  of  aaolphiuoai  taste,  and  very  solu- 
Ife   Bjfiunre  to  air,  they  pae9  into  solphale  of  pfrtaesa. 
iiA.  bifiat  of  Ptita»»a  is  the  requHofieTeral  cbenucal  operations 
"'tMiipona  large  scale  in  the  processes  of  the  arts.     It  may  ba 
'^lij  by  aaturatiag  sulphuric  acid  by  potassa.     It  is  the  aol 
■«MB{ifi£e  old  chemists  ;  ih%  potaua  Kit^wt^iimLottdiMFfuir- 
•■<7(u-  lutaste  is  bitter.     Itcrystallizee  inshortBiz-sidedprisnii, 
iH^n'tJ  by  aii-sided  pynimids.     The  body  of  the  prism  is  often 
"MatBdiiif  iriangular -faced  dodecaedren  resnlti.     rrhis  sakdia- 
iBlKial6pu^orcold,3D[I  5  of  boiling  water,  and  in  consequence 
of  IB  Mntt  (ohbilily,  il  is  thrown  down  in  a  white  granular  pawder, 
■W  uilpliuric  acid  is  added  to  a  moderately  strong  solution  of  potaa- 
^  Eipofd  to  a  red  heat  il  mcltd,  but  is  not  decomposed.     Heated 
Wlt^UKDilil  produces  sulphureCof  potasaa.     It  consits  of 
1  proportional  of  acid  ^  40 
1  —    .  ■     alcali  =  48 

ee 

KEt  A'-WpAoJc  or  Supertulphaie  of  Potatta  is  formed  by  adding  sul- 

ftnie  Kid  to  a  hot  solution  of  sulpb^te  of  potassa,  or  by  boiling  auF- 

I  ^of  poi»>3  with  i^tilphuric  acid.    The  first  crystals  which  form 

I  ■iiiMicale  needles  of  an  acid  taste,  soluble  in  2  parts  of  water  at 

I  'C.  iDd  consiit  of 

t  proportionals  of  acid  .  .  =     60 
1  --      .  —  potassa  ^    48 

128 
fii-Mlplnte  of  Potassa  is  also  formed  m  the  diatillatioa  of  equal 
(wttof  litre  and  sulphuric  acid  :  nitric  acid  passes  over,  and  a  real- 
^atiy  bi-^phale  of  pobissa  is  produced,  commonly  known  under  thj? 
tan  pful  rnirvtn.  It  i«  the  iirennwn  duptiaUvm,  or  panacea  Holiati- 
Utf  old  plinriikiireiiliri'.  It  is  used  for  cleansing  coin  and  otbcr 
rii  Metal ;  and  hM  a  place  in  the  LondoM  Phanitaeopitia. 

■  filttowi^  diagram  will  illustrate  the  formation  of  this  salt,  and 
mi  nitric  aud,  in  the  dietillalion  of  two  proportionals  of  sulphitri*; 
rift  onp  of  lutre : 
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061.  Ammonia'-SulphaU  uf  Paiima  is  a  triple  sdi  fimBftd 
ammoiiia  to  bbalphate  of  potaflMu  ItcryitaUuEesiabriffia 
abitter  taste.— Li».    CrOPi  AumU,  1796. 

562.  Pkoiphufet  cf  PeUummm  ii  a  brown  compound,  wii 
deeoimoeefl  water,  prododag  phoephnretted  hjdrogea  gM^ 
pbbflpnuret  of  potassa.  It  is  ibmied  hy  cantiondj  heatiiii 
widbpbcmhoriis  out  of  tbe  contact  of  air. 

569.  thmcfkotphiiU  of  PaUum  has  been  examined  hy  I 
itTCffjr  dehonescent,  ana  salable  in  water  and  akobol  nesri] 
portions.  Wben  heated  h  e^olyes  phospburetted  kydrogei 
pboms,  and  is  conyerted  into  phosphate  of  potassa.  "Aiaat 
elPAys.,ii.  142. 

564.  Phosphite  of  Potaaa  is  a  soluble  deliquescent  oner 
salt,  not  hitherto  accurately  examined. 

B65.  Phosphate  of  Poiassa  is  a  soluble  difficultly  crrstaD 
It  may  be  oMained  by  careful  eraporation,  in  four-sided  ( 
#ctoedrons.     It  contains 

1  proportional  of  potassa se  48 

1  ...-^1— ...i-i..^   phosphoric  acid  .  as  28 

76 

^6.  Subphosphaie  of  Potassa. — When  phosphate  of  pota 
in  a  platinum  crucible  with  potassa  it  is  conyerted  into  subp 
potassa,  which  is  insoluble  in  cold,  and  yery  difficultly  soh 
water.  It  is  fosiUe  before  the  blow-pipe,  yidUug  a  g^oli 
when  cold,  bat  transparent  whilst  in  fusion.  The  theoreti 
poiitmi  of  this  salt  is 

2  proportionals  of  potassa   =   96 
1  acid  «   28 
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an.  S^tr^ospKate  or  B^lmipkati  of  potaua  w  fenaed  hy  Jmt- 

kfilt  DTMinl  jihiMpfaate  in  pboipboric  acid  and  enponting  till  ciya- 
Cnroltliiiii'ii.  wliicii  aitt  piiiiiutic  and  very  solabw. 

3te.  foiasia  and  Ca  rbonie  Atid. — These  bodies  combiDC  in  two  pro- 
fjKK,  fbnning  the  <:<i  rbonatt  and  the  bicarbonaXe  of  potasn,  com- 
fonni' Aich  bar*  hetn  loogiued  and  known  under  Tariooa  name^— 
iDChvMnifrt,  salt  uf  MHar,  lalt  i^ wormwood,  vegelaiU  aleali,  ^, 
TboFnepo-itioD  nus  tir^  awertuned  by  Black.  Mr^nan,  in  1774, 
ItM^^nt  mott  essential  propertiea. — O^tuetUa,  VoL  L  p.  13. 

Ki.  (jf6<Hiiiir  of  Potaaa  is  «  salt  of  great  importance  in  many  arts 
id  nun&ilurc!,  an<l  is  known  in  oonunerce  in  difiarent  states  of  po> 
K).  vnitr  th?  namce  of  9»od-aA,  pol-aA,  and  jxaW-Mft.  It  is  <te 
Mwbuu  efpouuia  of  the  hamdan  Pharmaeopauu 

tiOBj  Ik  DbuiDed  directly  by'paasint  carbonic  acid  into  a  solatioi 
rfpoHM,  et^rating  to  iijaam,  and  e^>osing  the  dry  mass  to  a  red 
tu ;  ot  itidirtcUj  by  bumng  tartar,  whence  the  nane  lait  of  tartar 
labteQjpjilJedioit. 

Tbit  till  ij  fusible  witho^  dac*o^Dsition,  at  a  red  heat :  it  is  rery  to- 
nH(  111  Riur,  laii  aeliquetCM  by  expoanra  to  air,  fiinning  a  dense  so- 
B«B.  uun  oUh!  nil  of  lixrtmr  jmt  Miqmiwm,  Its  taste  is  alcaline,  and 
tradente^le  btuei^i^en.    It«oneiflts  of 

I  proportitnial  acid  =  22 

1  potaisa  es  48 

TO 

tVpcalnmanioption  of  this  article  in  variom  mannfactarea  is  ez- 

Jnarel;  nppije J  |,y  the  combostion  of  vegetables,  and  consequently 
'»  pToiKbOB  \f  almost  limited  to  those  countries  which  require  cfear- 
tvf  UBiiit,  or  nherr  ttiere  are  vast  natural  forests.  The  English 
wtttBchietlj  jupplied  from  North  America.  If  any  vegetable  grow- 
Eia  I  •oil  Dot  impregn.ited  with  sea-salt  be  burned,  its  ashes  will  be 
n^  KluIiDf  from  the  presence  of  carbonate  of  potassa.  If  the  ashes 
'sibiDitted  to  heat,  so  a^  to  bum  away  the  carbonaceous  matter  en- 
^.  tbfr  become  a  vrbite  mass,  generally  termed  pearl-cuh. 
•tt  pwrl-jjli  uf  commerce,  contains  a  variety  of  impurities  which 
•iwtlof  variable  value.  In  general,  its  purity  may  be  judged  of 
■bta^  salubUity  in  water,  two  parts  of  which  should  entirely  dis- 
*c  DM  part  of  the  salt ;  the  residue,  if  any,  consists  of  impurities. 
>  liciaaty  of  nitric  acid  of  a  given  density,  requisite  to  saturate  a 
•■•sisljl.  may  also  be  resorted  to  as  a  criterion  of  its  purity.  100 
*<ifiiilric  arid,  specillc  gravity  1.36,  will  saturate  70  parts  of  dry 
'"■Ht  of  potass  a,  which  are  equivalent  to  48  parts  of  pure  potassa. 
nikneiinsofa^ccrtiuning  the  quantity  of  real  alcali  in  the  differ- 
^'^letnicommerce,  someueefut  observations  will  be  found  in  Dr. 
"<'*fl(;wr!fio/'C7((fiittlry,  ii.  512.  Accordii^to  Vauqueliu  (.9«- 
'-li'Qaaiif,  vjl.  si.)  the  principal  varieties  of  this  substance  used 
*Tce,  coalaio  the  following  ingredients  :— 
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pOTAPsrtfk. 


■ 

Potuh. 

Sulphate 

bf 
potMb. 

Morimle 

of 
potash. 

iHOUh 

c 

Potash  of  Russia 

772 

65 

6 

66 

"          America  .  .  .  . 

857 

154 

20 

2 

American  Pearl-ash     .  .  . 

754 

80 

4 

6 

Potash  of  Treves 

720 

165 

44 

24 

"          Dantzic    .... 

603 

• 

152 

14 

79 

"         Vosges     .  .  .  . 

444 

148 

510 

34 

A  saturated  solution  of  carbonate  of  potassa  in  water  c 
48  per  cent,  of  the  salt,  and  has  a  specific  g^vity  of  I  .£ 

570.  Bi'Carbonate  of  Potassa  is  formed  by  passing  a  cc 
bonic  acid  into  a  solution  of  the  subcarbonate.  By  evaf 
tals  are  obtained  in  the  form  of  four-sided  prisms,  with  < 
mits.  Their  taste  is  only  slightly  alcaline,  and  they  req 
tion  four  parts  of  water,  at  60^.  Exposed  to  a  red  heat, 
is  evolved,  and  carbonate  of  potassa  remains.  This  bi-c 
sists  of 

2  proportionals  of  carbonic  acid  =  44 
1  — ^__  potassa,  =  48 

92 

In  its  crystalline  form  it  contains  water  equal  to  one  [ 
and,  therefore,  consists  of 

92  carbonate 
9  water 
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In  the  London  Pharmacopaia  the  more  expensive  met! 
ing  this  salt  by  the  action  of  carbonate  of  ammonia  on 
potassa  is  resorted  to. 

The  following  proportions  may  be  used  for  the  prept 
carbonate  of  potassa  upon  the  large  scale  :  100  lbs*,  of  ] 
bonate  of  potassa  are  dissolved  in  17  gallons  of  water, 
saturated  with  carbonic  acid,  yields  from  28  to  30  Ibf.  oi 
In-carbonate  ;  50  lbs.  of  carbonate  of  potassa  are  then  t 
mother  liquor,  with  a  sufficient  quantity  of  water  to  make  i 
and  the  operation  repeated. 

The  subcarbonate  and  carbonate  of  potassa,  are  both  de 
lime,  which  deprives  them  of  carbonic  "acid  ;  hence  thi 
«!arth  in  the  process  for  obtaining  pure  potassa, 

57 1 .  Potassium  heated  in  cyanogen  absorbs  the  gas,  an 
grey  ryannret  of  potassium,  which  by  the  action  of  wa 


CHLORIDE   OF    SODIUM.  I8i 

tflrctfamatt  oj  poUuia.    This  salt  speedily  decomposes  and  becomes 
converted  ioto  carbonic  acid  and  ammonia. 

572.  Borate  of  Potaua  is  a  salt  which  has  been  scarcely  examined  ; 
'timKj  be  prepared  by  boiling  boracic  acid  in  solution  of  potassa,  or  by 
eKpoMig  a  mixture  of  boracic  acid  and  nitre  to  a  bright  red  heat ;  it 
fcnidMS  by  solation  and  evaporation  quadrangular  prisms,  permanent 
ia  tie  air. 

473.  The  aalts  of  potassium  are  soluble  in  water,  and  afford  no  pre- 
CfiWes  with  pure  or  carbonated  alcalis.  They  produce  a  precipitate 
a  BDnale  of  platinum,  which  is  a  triple  compound  of  potassa,  oxide  of 
lUaimi,  and  muriatic  acid.  They  are  not  changed  by  sulphuretted 
■ydrqgen,  nor  by  ferro-prussiate  of  potassa.  Added  to  sulphate  of 
■nWBBaj  they  eiMile  it  to  crystallize,  so  as  to  form  alum. 


Section  II.    Sodium. 

574.  SoDiVHy  discovered  by  Sir  H.  Davy  in  1808,  is  obtained  from 
I  fay  an  operation  analogous  to  that  for  procuring  potassium  from 
im.^6995*     It  is  soft,  malleable,  and  easily  sectile.     Its  specific 
"'J  m  0.97.     In  colour  it  resembles  lead.     It  fuses  at  about  190^, 
Toiatile  at  a  white  heat.     It  burns  when  heated  in  contact  with 
airland  requires  the  same  cautions  to  preserve  it  as  potassium. 

fiMk  Sodium  and  Oxygen. — When  sodium  is  thrown  upon  water,  it 
prodocea  violent  action,  but  the  metal  does  not  in  general  inflame  ; 
hydrogen  is  evolved,  and  a  solution  of  soda  is  procured.  By  the 
qiAntity  of  hydrogen  evolved,  we  learn  that  soda  [protoxide  of  sodium) 
coansts  of  about  75  sodium  and  25  oxygen  per  cent. ;  and,  if  it  be 
considered  as  the  protoxide,  the  number  representing  the  metal  will  be 
24,  and  soda  will  consist  of  24  S.  -f-  8  O.,  and  be  represented  by  32. 
576.  By  heating  sodium  in  oxygen,  it  burns  vividly,  and  an  orange - 
coloured  peroxide  is  formed,  consisting  of  24  S.  -f-  12  0.,  and  which, 
by  the  action  of  water,  evolves  oxygen,  and  produces  a  solution  of  the 
praloxide. 

Vflw  Soda  J  as  it  usually  occurs  in  the  laboratories,  is  obtained  from 
Ae'^aibonate,  by  the  action  of  lime  and  alcohol,  as  described  under  the 
head  poia$$a  (544).  It  consists  of  32  protoxide  of  sodium  +  9  water, 
sad  is  represented  by  41.  When  soda  is  exposed  to  air,  it  soon  becomes 
covered  with  an  efflorescence  of  carbonate  of  soda.  Its  colour  is  grey- 
ish wlute,  and  it  requires  a  red  heat  for  fusion. 

578.  Soda  is  distinguished  from  potassa,  by  forming  an  ejfflorescerU 
paste  when  exposed  to  the  atmosphere  ;  potassa  under  the  stune  cir- 
cumstnces  deliquetc€$.  If  excess  of  tartaric  acid  be  added  to  a  solution 
of  soda  there  is  no  precipitation ;  but  in  solution  of  potassa  it  occasions 
a  deposit  of  a  nuinber  of  minute  crystals.  Solution  of  soda  occasions 
BO  precipitate  when  added  to  solution  of  muriate  of  platinum.  Solu- 
tioo  of  potassa  occasions  a  yellow  precipitate  in  solution  of  platinum. 
la  comlMDation  with  acids  it  produces  a  perfectly  distinct  cl:iss  of  salt. 
679.  Chloride  of  Sodium, — Sodium,  when  heated  in  chlorine,  burns 
wd  produces  a  white  compound,  of  a  pure  saline  flavour,  soluble  in 
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-■<^*.  find  forming  cubic  cry^iaU.     1 
^.:  >r  mvriate  of  toda^  and  consuti 
'nn-'<r&onal  of  chlorine  ^  36 
-■  sodium   =  24 

60 

.u»*viiiu-  >  ueromposcd,  when  heated  with  pot 
.;,..tii?  •!  p^H:iS?iuin  are  the  results. 
'>^    ..uu  "^  rtaiv.i  in  chlorine,  oxygen  is  evolved;  \ 
■^.    i.:«j.  v-ivvr  K^  formed,  and  in  both  cases  chlorid 

t      .  -**  x\    ■ 

.iiiMou  sal  exists  abundantly  in  nature,  both  as 
^^,.  -.  •.   .:  -%i:er.     Immense  masses  of  it  are  found  i 
^  .       ^  .  -^..it  iiiJerthe  name  of  rock  salt. 

\  '^".    ^c.'.:t\l,  chloride  of  sodium  falls  into  pi 

^  ^     ^    ■  x    -'"  dtirepitates.     At  a  red  heat  it  fuses  wil 

^  .tv'.'iujvsiition,  and  on  cooling  concretes  into  a 

^^^  '^  s.ar»*t*ly  more  soluble  in  boiling  than  in  cob 

.5^.-Se  in  alcohol.     When  pure  it  does  not  alter  ■ 

.    ^       w^oAiKM  by  slow  or  spontaneous  evaponition,  it  ci 

^^^     .^i,>     iHit  when  procured,  as  is  usually  the  case 

>^^      w    tiitoving  its  crystals  from  the  surface  of  its  sol 

•^%.  M.  v«^*  i(  exhibits  the  form  of  a  hollow  quadrangul 

.     ...«.  .^  Av'ount  of  the  different  methods  of  mauufactui 

^   *^  .^  It  VikiN's  Dictionary. — Art.  Muriate  of  Soda. 

v4    ^  Hiondo  of  sodium  is   decomposed  by  moist  c 

v..«c<<9a.   uid  chloride  of  potassium  and  carbonate  of  soda 

^  .^       I    iie  common  process  for  obtaining  muriatic  acid 

,.^u    *.   sulphuric  acid.  (260).     In  this  decomposition 

^.j^*;.     i'  iho  oxyj^cn  contained  in  the  water  of  the  sulpl 

.V  wvii^in  ^*f  the  salt,  the  chlorine  of  wiiirh  combines  v 

v^v.    I  ibo  water  to  produce  muriiitic  acid  gas.     The 

..!«     -A'N  uiih  the  dry  sulphuric  acid  to  produce  sulph 

.    ^,iii  '.;  salt  is  of  most  extensive  u>o  as  a  preservative 
.  ..*    'wwi.     Glanbrr  fii->.t  ubliiirRMJ  muriatic  acid  Iron 
A.  v.v''xv  of  soda  in  it  was  tirst  shown  by  Duhamel. 

cv».  .  'f'  'fiitt  if  Soda  was  procured  by  Mr.  Clienevix  ( 
.'^v  .  **  ".^i**  same  process  as  clilorato  of  potassa,  but  no 
««^  H.»'»  *':ii>  than  chloride  of  sodium,  tiic  two  substances : 
«  «*v-M. -oic.  Vauquelin  obtained  it  by  saturating  cWnr 
.^»,  >  ^•i\<tuls  resemble  those  of  chlorate  of  potassa 
^^  lv^u<^  ^luulur. 

s>».  .\u.i4«*  und  Iodine  act  ujion  each  other  with  the  s 
^^^^  ^«  y^^MMium.  and  an  iodide  of  sodium  is  obtained.  '. 
j^  «k,o  W  A^  produce  a  similar  compound.  It  isdeliqi 
^  ^iiKNi  vieKU  ipiadrangular  crystals. 

«cis  Wv-.^f  »*/*  Soda  is  made  by  dissolving  iodine  in  soluti 
^  ^i^iv  «vHu>sHmd  forms,  which  is  the  iodate  with  a  portioi 
.Aiw  ^  %c\^A  ;  iH«  latter  may  be  removed  by  alcohol.  lo< 
^^fe.  xj^.o'i  i«n<matic  tufted  crystals,  which,  when  heated, 
M^  1^  ^.v^  of  sodium. — Gay-Lvssac,  Annales  de  Chimi 


its.  AiimM  s/*  Stda  cryttaUuset  in  Aomlw,  «olable  in  threa  pnta 
*f  «aler  il  60*,  and  in  leM  than  its  wei^t  at  SIS".  It  hu  a  cool 
tlurpflivdur,  uidig  somcitfhat  detiqaescent.  Itcooflisti  of  3^  soda' ^' 
M  Wric  icid.  It  is  often  found  in  crude  nitre,  resulting  apparent 
&an  tb(  demmpositiou  ol'  commoa  salt.     It  is  the  evbic  nitre  of  oU 

Sei.  Siifkvrtt  of  Sodium  and  of  Soda.  See  Pobminm.  (666). 
TbeHlpburets  eilubit  netirly  similar  propertiea. 

St.  Hmnlpkiu  of  Soda  is  formed  as  hyposulphite  of  potassa. 
(U1)  Il  1'  liifficuUly  crystalligable,  deligneacept,  of  an  intensely  hit- 
ler UK,  ml  iiuolabk  in  alcohol.  Its  aquenos  solution  readily  dia- 
tehttaKiiu chloride  of  silrcr. 

M.  StljUu^  Soda  is  cryslnlliuble  in  transparent  fbor  snd  siz- 
■MiRuw,  wlubte  ID  four  parts  of  water  at  60>.  It  consists  of  32 
•ate  4-  a  lulpburoas  acid.  The  crystals  contain  twelra  proportiim- 
A«f waters  im. 

UQ.  Silphiit  ofSada—GiMiber'i  &fl— Jbj  mtraMt— is  ahandanUy 
ym^ctdia  the  manuikcturc  of  mariatie  acid,  hy  the  action  of  sulpbn- 
ik  aod  upm  common  salt. 

Caanii«li  consists  of  24  Sodiom  +  36  chloriae.     Snlpfanric  acid 

conMNffMilr}  acid  +  9  water.     The  water  of  the  acid,  consisting 

rf i  b/iKpa  4-  a  oxygen,  is  decomposed.     Its  hydrc^n  is  transfiu* . 

«i  Mfef.lilorim-  lo  prodoce  gueous  muriatic  acid  (1  H.  +  38  C,^  ' 

ST  mt.  A.],  iini  iu  oxygen  anites  to  the  sodimn,  tbraiing  dry  Mda 

[tULi  U  s.  =  33  soda).    The  40  dry  acid,  nidie  to  the  3C  soda, 

UfriliMiulpbate  ofsoda, which  will  be  represented  by  thennmberTS. 

01.  hiphatc  of  soda  ccTstalUzes  from  its  aqneoos  tolntion  in  large 

wi/-*iW  pnnnti,  transparent,  and  efflorescent,  when  exposed  to  air. 

>  1  tousiK  of  72  dry  liulphate  +  90  water  exposed  to  dry  air,  the 

-uii  part  with  about  50  per  cent  of  water. 

'i''ii)leoftulptMte  of  soda  is  saline  and  bitter  :  it  is  soluble  in  ra- 
'rle"|]iaii  three  times  its  weight  of  water  at '60".     When  exposed 
._  Kkiiiiaoijergoes  watery  fusion,  that  is,  it  melta  in  its  own  water  of 
"J^i^iz^aD  i  when  this  has  evaporated  it  fuses. 
.S9&  Solpjuie  of  soda  i«  sometimes  decomposed  for  the  purpose  of 
*~      (odii,  by  igniting  it  with  chalk  and  charcoal,  or  with  iron  and 
(Of  these  processes  a  full  account  is  given  in  Aikih's  Die- 
Aft.  Muriate  of  Soda.)     Its  priactpal  use  is  in  Pharmacy. 
'fii-iidphatt  of  Sod*  is  obtained  by  adding  sulphuric  acid  to  a 
WQ  of  sulphate  of  soda.     It  crystallizes  in  Rhomboids  soluble 
tlieir  weight  of  water  at  €0°.     This  salt  consists  of  7S  sulphate 
•'•A  +  JiiBuIphurir-acid  =  112. — Crell's  .flmwii,  1796. 
^^'  ■Umonio-.tulphate  of  Soda  is  a  triple  salt,  formed  by  saturating 
■'  l^-flJptiate  with  ammonia. — CnetL's  Annul*,  1796,  I. 
5^5.  Pkt»phitc  of  Soda  has  not  been  examined.    Hm^koiMte  of 
™  "  "ry  soluble  both  in  alcohol  and  water. — AnntSlu  de  Oiim.  'i 
")•■  i  US, 
96.  Phaiphau  if  Soda  crystallizes  in  rhomboidal  prisma  soluble  in 
fBtaitt  wateriteO',  and  efflorescing  when  exposed,     it  bos  n 
mSk  iMle.    It  coasistoof 
32  soda 
28  phosphoric  acid 
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The  cryfttals  contain  abont  60  per  cent,  of  water.  This  salt  is  \ 
]y  obLiinod  for  pharmaceutical  purposes  by  saturating  the  impure 
phoric  acid,  obtained  from  calcined  bones  by  saiphiiric  acid, 
Phosphorvs)  with  carbonate  of  soda:  the  liquor  is  filtered,  eyapo 
Vid  set  aside  to  crystallize.  It  was  introduced  into  pharmacy  I 
Pearson  ;  it  is  the  sal  perlatum  of  some  old  writers. 

When  heated)  phosphate  of  soda  fuses  and  boils  up,  and  havii 
its  water  of  crystalhzation,  it  runs  into  a  clear  glass,  which  be 
opaque  on  cooling.  If  a  globule  be  heated  before  the  blow-pipi 
^umes  the  dodecaedral  figure  as  it  cools. 

697.  Treated  with  sulphuric  acid,  phosphate  of  soda  is  only 
decomposed,  a  bi-pkosphate  of  Soda  being  formed,  which  18  men 
ble  than,  and  not  so  easily  crystallizable  as  the  phosphate. 

598.  Ammonio-phoephate  of  Soda  exists  in  human  urine,  wb 
was  procured  by  the  early  chemists  under  the  names  of  nUcroeom 
fusible  salt.  When  exposed  to  heat  the  ammonia  is  expelted,  an 
phospate  of  soda  remains  :  it  appears  to  consist  of  two  propgftio 
phosphoric  acid  =  56  ;  one  of  soda  =  32,  and  one  of  amoMMM 
— FouRCROY,  Annates  de  Chimie^  vii.  183. 

599.  Carbonate  of  Soda  is  chiefly  obtained  by  the  combaation 
rine  plants,  the  ashes  of  which  afford,  by  lixiviation,  the  in^HUY 
called  soda.  Two  kinds  of  rough  soda  occur  in  the  maricel  j  A 
and  kelp ;  besides  which,  some  native  carbonate  of  soda  is  aho  inf 
finrilla  is  the  semifuscd  nsh  of  the  saUola  soda^  which  is  luB^JT 
vated  tipon  the  Mediterranean  shore  of  Spain,  in  the  Yicini^ol't 

.  Kelp  consists  of  the  ashes  of  sea  weeds,  which  are  t:olfected 
many  of  the  rocky  coasts  of  Britain,  and  burned  in  kilns,  or  mei 
excavations  made  in  the  gronnd  and  surrounded  by  stones.  It  i 
contains  more  than  5  per  cent,  of  carbonated  alcali,  and  about  1 
of  sea  weed  are  required  to  produce  one  ton  of  kelp.  The  be 
duce  is  from  the  hardestyiict,  such  as  the  serratus,  digitatus^  nodim 
vesiculosus.  (Mac  Culloch's  Western  Islands^  Vol.  i.,  p.  122,) 
rough  alcali  is  contaminated  by  common  salt,  and  other  impuritiei 
which  it  mjiy  be  separated  by  solution  in  a  small  portion  of  wat 
trating  the  solution,  and  evaporating  it  at  a  low  heat :  the  commi 
may  be  skimmed  off  as  its  crystals  form  upon  the  surface. 

600.  The  primitive  crystalline  form  of  carbonate  of  soda  is  an 
drnn,  with  a  rhombic  base  ;  the  solid  angles  of  the  summit  are  i 
wanting,  being  replaced  by  planes  parallel  to  the  base,  and  tfau 
^^enting  a  solid  with  10  surfaces.  It  is  soluble  in  twice  its  wei 
water  at  60**.  Its  taste  is  strongly  alcalinc,  and  it  greens  veg 
bJuep.     It  consists  of 

32  soda 

22  carbonic  acid. 


51 


lis  crystids  contain  seven  proportionals  of  water  =  63,  which  n 
rxpellod  by  heat.  They  effloresce  by  exposure  to  air.  This  salt 
.Soda-Subcarbonas  of  the  Pharmacopaia. 

In  the  analysis  of  barilla  and  kelp,  to  ascertain  the  relative  pi 
tion  of  soda,  it  may  be  useful  to  know  that  100  parts  of  dilute 
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c  p»»ity  1.36.  will  saturate  50  parts  of  dry  car 
Mre  equkciiknt  to  about  W  of  pure  soda. 
arbonale  of  Soda  is  formed  by  passing  carbonic  acid 
of  the  subcarbonate.     By  evaiioratioD  a  crystalline 
riii*  «alt  consists  of 


76 

rbooale  of  ^oda  has  a  very  slightly  alcatine  taste,  and  it 

lobte  in  water  tbao  the  su  b- carbonate - 

1   salt,  as  well  as  the  bi-carbonate  of  potassa,  may  be  gb- 

'ealing  their  respective  carbonates  tvith  carbonate  of  am- 

!  smmonia  is  evolved  and  bi-carbonatea  are  formed. — See 

rmatopaia. 

mfacture  of  this  bi-carhonate  for  the  purpose  of  com- 

lbs.  of  carbonate  may  be  dissolved  in  13  gallons  of  water, 

;  acid  thrown  into  the  solution   in  a  proper  apparatt 

gnale  falls  as  it  forms  to  the  amount  of  about  50  lbs.,  ana 

ted  from  the  sobition  may  be  conveniently  dried  by  pres~ 

Ijdraulic  press,  and  subsequent  exposure  to  faeat  not  ex* 

'.     A  fresh  portion  of  carbonate  is  dissolved  in  ibe  mother 

le  operation  repeated  as  before. 

ixtare  of  the  carbonates  of  sods  occurs  native  in  great 

I  AfVica,  in  the  province  of  Gabena,  near  Fezzan.     The 

t  Trona.     It  baa  been  analyzed  by  Mr.  R.  Phillips,  who 

a  a  compound  intermediate  between  the  carbonate  and  bi- 

omposed  of  3  proportionals  of  acid  and  "i  of  base,  or  I 

M  ;  hence  be  terms  it  a  itiqui-earbonale  of  Soda. — Qtiar- 

,Tii.,  p.  298. 

oductive  soda-lake  also  exists  in  South  America  in  Mara- 

if  the  provinces  of  Venezuela. — ^uarurhj  Journal,  i.  p. 

oraU  of  Soda — Borax. — This  salt,  which  has  been  very 
ie  imported  from  India  in  an  impure  state,  under  ttie  name 
rhich,  when  purified,  is  called  Borax.  It  cry»talbzes  in 
Snedral  prisms,  slightly  efflorescenL  Its  taste  is  alcaUne 
It  ii  soluble  in  2U  parts  of  water  at  60°,  and  in  six  parts 
JSter.  When  heated  it  loses  water  of  crystallization,  and 
torovB  friuble  mans,  called  calcintd borax.  Itconsists,  ac- 
lei^un.  of 

34  acid 
17  «oda 
49  water 

100 

lecopiposes  this  salt,  producing  sulphate  of  soda 
^^Chap.lV.  §  vi.)  It  has  a  place  in  the  Pkarmaco- 
limes  used  as  a  flux.  -^ 

*  of  sodium  are  soluble  in  water.    They  are  ni         - 
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cipitated  either  by  pure  or  carbonated  alcalis,  or  hydrosulphuret  of 
ammonia,  or  ferro-pnissiate  of  potassa ;  they  produce  no  precipitin 
in  solution  of  muriate  of  platinum,  and  do  not  conTert  sulphide  of 
alumina  into  octoedral  alum, 

606.  Potassium  and  sodium  form  an  alloy,  which,  if  compoeed  of. 
one  part  of  potassium  and  three  of  sodium,  remains  fluid  at  3S*. 
Equal  parts  of  the  metals  form  a  brittle  crystaUizable  alloy. 


Section  III.    LUhiumn 


607.  In  the  analysis  of  a  mineral,  cMed  petcUUe^  M.  Aifwednv  ^ 
discovered  about  three  per  cerU,  of  an  alcaline  substance,  which  waUrf  s 
first  supposed  to  be  soda ;  but,  finding  that  it  required  for  its  neotrdi- 
zation  a  much  larger  quantity  of  acid  than  soda,  he  was  led  to  doubt 
its  identity  with  that  alcali,  and  the  further  prosecution  of  his  inqui- 
ries fully  demonstrated  that  it  possessed  peculiar  properties.  Tlie 
mineral  called  triphane^  or  spodutnency  also  affords  the  same  aubBtance, 
to  which  the  term  lithia,  deduced  from  its  lapideous  original,  has  been 
applied.     It  has  also  been  detected  in  a  few  other  minerals. 

The  following  is  the  mode  of  obtaining  lithia  from  the  above  rnlritii 
ces  : — Reduce  the  mineral  to  a  fine  powder,  and  fuse  it  with  abovtUf 
its  weight  of  potassa ;  dissolve  the  fused  mass  in  muriatic  acid,  filter^ 
and  evaporate  to  dryness  ;  digest  the  dry  mass  in  alpohol ;  the  onh 
substance  present,  soluble  in  that  liquid,  is  the  muriate  of  /idUia,  wldol 
is  taken  up,  and  by  a  second  solution  and  evaporation  is  obtained  pure. 
It  may  be  decomposed  by  digesting  carbonate  of  silver  in  its  aqaeott 
solution,  by  which  a  carbonate  of  lithia  is  formed,  decomposiUe  lif 
lime,  in  the  way  of  the  other  alcaline  carbonates. 

608.  When  lithia  is  submitted  to  the  action  of  the  Voltaic  pile,  it  il 
decomposed  with  the  same  phenomena  as  potassa  and  soda  ;  a  brflfiaii 
white  and  highly  combustible  metallic  substance  is  separated,  which 
may  be  called  lithium  ,  the  term  lithia  being  applied  to  its  oxide.' 

The  properties  of  this  metal  have  not  hitherto  been  investigiled, 
in  consequence  of  the  difficulty  of  procuring  any  quantity  of  its  oxide. 

609.  Pure  lithia  is  very  soluble  in  water,  and  its  solution  tastes  acrid 
like  the  other  fixed  alcalis.  It  acts  powerfully  on  vegetable  blaec, 
converting  them  to  green.     It  is  very  sparingly  soluble  in  alcohol. 

Direct  experiment  upon  the  composition  of  lithia  are  yet  wanting. 
By  calculation  from  the  compoi$ition  of  the  sulphate,  as  analyzed  1^ 
Vauquelin,  it  would  appear  to  contain  about  55.2  lithium  +  44.8  oxy- 
gen.* 

610.  Chloride  of  Lithium^  obtained  by  evaporating  the  muriate  to 
dryness,  and  fusing  it,  is  a  white  scmitransparent  substance.  It  evi- 
dently differs  from  the  chlorides  of  potassium  and  sodium,  in  being  ex- 
tremely deliquescent ;  in  being  soluble  in  alcohol ;  in  being  decompos- 

oxyKta ..  lithiA 

-  44.8  :  5S.2  4.44.8  =  100  :  :  8  (atom  oxygen)  :  17.8  (the  atom  lithia  which  Bgnes  wiili 
the  cfviipositioD  of  the  sulphate. 


CABBOVATB   OF  LITHIA.  ]9] 

ei  when  strong^  heated  in  the  open  air,  when  it  loses  chlorine,  absorbs 
ozj^en,  and  becomes  highly  alcsJine ;  in  being  very  difficultly  crystal- 
fixaMe ;  and  in  tinging  the  flame  of  alcohol  of  a  red  colour. 

611.  Iodide  of  Lithium, — The  action  of  iodine,  of  hydriodic  acid, 
and  of  iadic  acid,  on  hthia  has  not  been  examined. 

612.  MUraU  of  Liihia  is  a  rery  soluble  deliquescent  salt,  fusible  and 
deooapoaed  by  liKeat ;  its  taste  is  cooling ;  it  crystallizes  in  rhomboids. 

613.  Sulphuret  of  Ldihium, — The  action  of  sulphur  on  lithium  and 
MtUa  appean  analof;oas  to  itn  action  on  potassiuyi  and  potassa,  but  the 
cmpoonda  have  not  been  precisely  examined. 

614.  SmlfhaU  of  Liihia  crystallizes  in  small  rectangular  prisms, 
(crfiMtly  white,  and  possessed  of  much  lustre.     Their  taste  is  saline, 

~  their  aolaUliCy  intermediate  between  that  of  sulphate  of  potassa 
sabhate  of  soda.     The  crystals  contain  no  water,  and  fuse  at  a 
t  bcJow  redness.     Their  solution  occasions  no  change  in  solution  of 
t,  nor  in  tartaric  acid.     They  consist  of 

Solphuric  acid 69.18  or  40 

Lithia 30.82  or  17.8 


100     or  67.8 

615.  Pkoapkate  if  Lithia  has  been  examined  by  Dr.  Gmelin :  it 
be  obtained  by  adding  phosphoric  acid  to  sulphate  of  lithia ;  no 

is  at  first  formed,  but  on  adding  excess  of  ammonia,  an  in* 
phoaphate  of  lithia  fiills.  This  property  enables  us  to  separate 
Uia  firom  potassa  and  soda.  The  phosphate  of  lithia  may  be  decom- 
paNdbj  dtMolyiog  it  in  acetic  acid  and  adding  acetate  of  lead :  acetate 
•f  Kdda  remains  in  solution. 

616.  Carbomtie  of  Lithia. — AVhcn  a  strong  solution  of  carbonate  of 
pntMaa  is  added  to  sulphate  of  lithia,  a  white  precipitate  of  carbonate 
if  UMa  IB  formed.  It  requires  about  100  parts  of  water  at  60^  for 
u  solution.  It  is  fusible,  alcaline,  effervesces  with  acids,  and  absorbs 
caibonic  acid  from  the  air.  Lithia  and  its  carbonate,  when  heated  upon 
jWUii-i  act  upon  that  metal. 

617.  If  we  assume  from  Vauquelin's  corrected  analysis  of  the  sul- 
lihate,  that  lithia  contains  45  per  cent,  of  oxygen  and  55  of  lithium, 
ad  that  it  is  a  protoxide,  then  45  :  55  :  :  8  :  9.77.  So  that  the  nuni- 
Wr  9.6  might  be  assumed  as  tlie  representative  number  of  lithium  ; 
lad  oxide  of  lithium,  or  lithia,  would  contain — 

Lithiom 9.8  +  Oxygen 8  =  17.C 

Chloride  of  Lithium     ....  9.8  +  Chlorine     .....  36  =  45.8 

Nitrite  of  Lithia— Lithia    .  .  17.8  +  Nitric  acid     .  .  .  .  54  =  71.1^ 

Sulphate 17.8  +  Sulphuric  acid     .  .  40  =  57.a 

Carbooate 17.8  +  Carbonic  acid      .  .  22  =  39.8 

N,  B.  It  is  probable  that  10  is  the  number  for  lithium  instead  ol' 
S.8,  for  10  is  amultiple  of  0. 125  (the  atom  hydro^on)  which  is  not  thr 
case  with  9.8. 
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Section  IV.     Calcium. 


618.  Whln  lime  is  electrized  negatively  in  contact  with  mercu^,  "■ 
an  amalgam  is  obtained,  which,  by  distillation,  affords  a  white  meteL 
It  has  been  called  calcium^  and  when  exposed  to  air,  and  gently  heate^^  ^ 
it  bums  and  produces  the  oxide  of  calcium,  or  lime.  '  *  :'^ 

Lime  appears  to  consist  of  20  parts  of  this  metallic  base  united  l»i.  i 
parts  of  oxygen,  so  that  its  representative  number  will  be  =^  28.         .^^  i 

619.  The  combinations  of  lime  are  very  abundant  natural  proAielU 
and  of  these  the  native  carbonate  ^hich,  more  or  less  pure,  constitatiM 
the  different  kinds  of  marble,  chalk,  and  limestone,  and  which  is  alii^ 
the  leading  hardening  principle  of  shell,  coral,  j^c.,  may  be  cooaideni  ; 
as  the  most  important.  ij 

Lime  may  be  obtained  in  a  state  of  considerable  purity  by  expotui;  , 
powdered  white  marble  to  a  white  heat,  which  expels  the  carbonic  add. 
To  obtain  absolutely  pure  lime,  white  marble  may  be  dissolved  in  dilute 
muriatic  acid,  a  little  ammonia  added  to  the  solution,  and  filtered :  cai^ 
bonate  of  ammonia  is  then  added,  and  the  precipitate  dried,  washed, 
and  exposed  to  a  white  heat.  Its  colour  is  light  grey  ;  it  is  acrid  and 
caustic  and  converts  vegetable  blues  to  green ;  its  specific  gran^  ii 
2.3  ;  it  is  very  difficult  of  fusion,  but  remarkably  promotes  the  (bra 
of  most  other  earthy  bodies,  and  is  therefore  used  in  several  metallu^ 
gic  processes  as  a  cheap  and  powerful  flux.  When  quite  pure  it  did 
only  be  fused  in  very  minute  particles  by  the  oxygen  blow-pipe,  or  \f 
the  Voltaic  flame.  It  is  an  essential  ingredient  in  mortar  and  otlitf 
cements  used  in  building.  Exposed  to  air  it  becomes  white  by  the* 
absorption  of  water  and  a  little  carbonic  acid. 

620.  When  a  small  quantity  of  water  is  poured  upon  lime,  there  il 
a  great  rise  of  temperature  resulting  from  the  solidification  of  a  portion 
of  the  water,  and  a  white  powder  is  obtained,  called  «/acX:e(£/t'ffn€,  which 
is  a  hydrate,  and  which  appears  to  consist  of  one  proportional  of  water 
=  9  +  one  proportional  of  lime  =  28  =  37  hydrate. 

Lime  may  be  obtained  in  a  crystiilline  form  by  placing  lime  water  iuh 
der  the  receiver  of  an  air-pump,  containing  another  vessel  of  sulphuik 
acid.  The  water  is  thus  slowly  evaporated,  and  imperfect  six-sided 
crystals  of  hydrate  of  lime  are  formed. — Gay-Lcssac,  Annalesde  Ckimk 
et  Pkys.y  i.  334. 

At  the  temperature  of  60<>,  750  parts  of  water  are  required  for  tte 
solution  of  one  part  of  lime. 

621.  Lime-water  is  limpid  and  colourless  ;  its  taste  is  nauseooSi 
acrid,  and  alcaline,  and  it  convert;*  vegetable  blues  to  green.  It  is  usa- 
ally  prepared  by  pouring  warm  water  upon  powdered  lime,  and  allow- 
ing the  mixture  to  cool  in  a  close  vessel :  t!ie  clear  part  is  then  decanted 
from  the  remaining  undis^solved  portion  of  lime.  When  lime-water  ii 
exposed  to  the  air,  a  pellicle  of  carbonate  of  lime  forms  upon  its  sar- 
face,  which,  if  broken,  is  succeeded  by  others,  until  the  whole  of  the 
lime  is  thus  separated  in  the  form  of  an  insoluble  carbonate.  Lime- 
water  is  used  in  medicine  as  an  antacid. 

622.  When  oxygen  is  passed  over  heated  lime,  it  is  absorbed,  and  a 
portion  of  peroxide  of  calcium  is  formed.     A  hydrated  peroxide  of  cal- 


I  ■•  ItnMa  4Dwa,  accordiDg  to  H.  Thenard,  when  lime-water  is 
ped  into  azj(enBted  water. 

3L  CUmriJe  ^  Caieitm  is  prodaced  by  heating  lime  in  chlorine,  in 
kcaae  OXfgeii  ii  eTolred  ;  or  bj  evaporating  muriate  of  limt,  ob- 
d  bjr  dissolving  carbonate  of  lime  in  muriatic  acid,  to  dryneas,  and 
ling  tJ)«  dry  uui^;*  lo  t  red  heat  in  close  vessels.  It  conaista  of  20 
un  +  36  clilorine  =  fi6.  This  compound  baa  a  strong  attraction 
nter  ;  it  delitjuesccs  vhen  exposed  to  air,  and  becomes  what  UMd 

called  oil  of  time.  It  is  diSiculUy  crystallizable  from  its  aqaeoua 
ouft  ;  wilfa  care,  hoiverer,  it  may  be  obtaiaed  in  six-sided  prisma, 
iting  of  tlie  chloride  comlnneil  with  water.  It  is  most  readily 
tOuEed  by  fS]in$in^  its  folutton  to  the  lemperatnre  of  32*.  Its 
is  btU«r  and  ucrid  ;  one  part  of  water  at  60''  dissulret  fiinr  parts 
teUondc.  lis  solubility,  however,  is  greatly  influenced  by  Um- 
irc,  for  at  32*  one  pjrt  of  water  wUl  not  dissolve  more  than  two 
iaalt,  and  at  212"  it  takes  up  nearly  any  quantity.  Iris  copiously 
le  in  alcohol,  und  much  heat  is  evolved  during  the  solution.     When 

d  acquire'^  »  l>liti<))liorescent  property,  as  was  first  observed  by 
beic,  and  bencc  itTiiied  Hombirg'i  pluupkor^.  It  is  abundantly 
•ewT  ■■  tfae  manufacture  of  carbonate  of  ammonia,  from  the  de- 
MiliiB flf  mniiate  of  ammonia  by  lime,  and  hence  bus  sometimes 

^f$tiijix«d  lal  aMnmUae.  The  production  of  cold  by  mixing 
'  with  snow  has  already  been  adverted  to.  (61.)  Chl<K 
iqrbs  anuHHiiacal  gas  in  considerable  quantities.  (Fa- 
^  StUmet,  Vol,  v.  p.  74.)  In  its  fused  state  this  com- 
Mcfal  &r  drying  certain  gaseons  bodies,  hot  where  ths 
gaa  b  to  be  ascertained,  its  powen  of  absorption  in  c«r- 
PIQV  mm  not  be  overlooked. 
Mt6mt  haa  stated,  that  if  carbonic  acid  be  passed  through  a  solution 
■riste  of  lime,  the  whole  becomes  a  bard  solid  mass.  If  sulphuric 
btfooied  into  a  strong  solution  of  muriate  of  lime,  the  whole  con- 
!■<•  a  Kriid  mass  of  solphate  of  Ume. 
IL  AsabvtaQCe  called  Oxymun'ofe  of  ZaW  is  abnndantly  employed 

Unching  material,  and  manufactured  by  passing  chlorine  into 
fR  ckmbers  containing  hydrate  of  lime  in  fine  powder,  by  which 
pi  ii  CMBOnsly  absorbed.  Dr.  Thomson  has  shown  this  to  be  a 
fnad  of  chlorine  and  lime  ;  when  heated  it  gives  off  a  large  quan- 
if  Ujg^,  and  a  chloride  of  calcium  results.  This  shows  the  su- 
pt  attraction  of  calcium  for  chlorine  compared  to  oxygen,  the 
r  bciog  expelled  from  the  lime. 

K,  CkivnUe  of  Lime  is  a  very  soluble  deliquescent  salt  of  a  sharp 
fUi  taste.  It  is  most  easily  produced  by  dissolviog  carbonate  of 
IB  chloric  acid.  Exposed  to  beut,  oxygen  is  evolved,  and  achlo- 
■  fctil. 

ML  hdaU  of  Umt  is  difficultly  crystallizable  in  small  quaUrangular 
■b  Adrtodate  of  Lime  is  very  deUquescent ;  when  dried  it  ber 
miidiJi  of  caleiiim,  a  white  fusible  compound. 
tr.  MitraU  of  lAme  is  a  deliquesceut  salt,  soluble  in  4  parts  of 
rat  60*.  It  is  found  in  old  plaster  and  mortar,  from  the  washings 
EE 
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of  which,  nitre  is  procured  by  ttie  addition  of  caifKmtte  d 
19  composed  of 

34.94    Lime •    28 

65.06    Nitric  ftcid 64 
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The  production  of  this  salt  in  artificial  nitre-beds  has 
adverted  to.  (551.)  It  mqr  be  crystallized  in  six-sided  ] 
soluble  in  alcohoL  When  exposed  to  a  moderate  heat 
watery  fusion  :  the  water  then  evaporates,  and  the  salt  fui 
Ing  it  concretes  into  a  semi-transparent  phosphorescent  sn 
ed  fiom  the  discoverer  of  tiiis  property,  BaldwifCt  jd^s) 
red  heat  it  is  decomposed  ;  its  acid  is  dissipated,  and  pure 
It  contains  io  its  crystallized  state  about  25  per  cent,  of  wi 
hence  be  considered  as  composed  of 

1  proportional  dry  nitrate  ...    82 
3  — —  water 27 
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628.  Salphuret  of  lAme  is  lormed  by  heating  Ume  with 
is  soluble  in  water  with  the  same  phsenoinena  as  sulphur 

629.  According  to  Mr.  Herschel,  crystallized  ft2fdrot«2 
is  ftnned  when  three  parts  of  skK^ked  lime  and  one  o 
boHed  in  twenty  parts  ot  water,  and  the  solution  allowed 
the  sediment :  he  dried  the  ctyatub  by  exposure  to  t 
power  of  a  laige  surfiice  of  sulpbaric  acid,  placed  under 
receiver.  Their  form  is  that  of  quadrilateral  prisms  ' 
summits.  They  are  sparingly  soluble  in  cold  water,  the. 
ing  a  yellow  colour  and  an  acrid,  bitter,  and  sulphurous 
consist  of  two  proportionals  of  lime,  two  of  sulpiiur,  one 
ap^four  of  water. — Edinburgh  PhiloiophiecU  Jonraol,  i.  ] 

030.  When  sulphurous  acid  is  ground  in  a  mortar  w 
inystals  its  smell  disappears,  and  when  filtered  it  is  foud 
lioii  of  hyposulphite  of  lime*  By  passing  sulphurous  nc 
aq|ieou8  solution  of  sulphuret  of  lime,  the  same  produc 
aM  if  the  solution  be  nltered  and  evaporated,  at  a  ten 
exceeding  140^,  it  furnishes  crystals :  the  temperature 
decomposes  it.  The  crystals  are  little  altered  by  air,  v< 
water,  and  insoluble  in  alcohol.  They  consist,  according 
8che]»of 

Lime  .  .  ^ 21.71 

Acid   .  .  ; 36.71 

Water ,  .  .  41.58 
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The  hyposulphites  of  soda,  potassa,  and  ammon 
aiii,jQf  rtrontia,  may  be  formed  by  passing  sulplniirouB  aci' 
mjf^iSoM  miMimB  of  their  sulphurets. 


« 


^mJK 


BVLrtATE  OF   LIME.  19 

L  132.  k^ikiU  of  Lime  is  formed  by  passing  sulphuroas  acid  into  a 
Ivtire'of  limeand  warm  water.     It  is  a  white  powder,  soluble  by 
ocoiof  ralphnrons  acid,  and  then  separating  in  prismatic  crystals,  of 
iinh  fohbility,  efflorescent,  and  passing  into  sulpliate  of  lime  by 
OfMretoair. 
9Si  Mpkaie  of  Lame  occurs  native  in  selenite,  gypsum,  and  plaster- 
^~  h  is  easily  formed  artificially,  and  then  affords  silky  crystals 
■  350  parts  of  water.     When  these,  or  the  native  crystallized 
^«e  eiposed  to  a  red  heat,  they  lose  water,  and  fall  into  a  white 
'{jkaitrof  Paris) i  which,  made  into  a  paste  with  water,  soon 
Drj  ralphate  of  lime  consists  of 

28  lime 

40  sulph.  acid 

68 

C^pblhe  sulphate  of  lime  contains  two  proportionals  of  water,  and 
CMeqiadj  represented  by  68  +  18  =  86.     As  sulphate  of  lime 
iMRCuhble  in  water  than  pure  lime,  sulphuric  acid  affords  no  pre- 
\  OfiUe  wka  added  to  lime-water.     Nearly  all  spring  and  river  water 
'^— *^tliiiilt,  and  in  those  waters  which  are  called  hard  it  is  abun- 
ftgircs  to  them  a  slightly  nauseous  taste.     At  a  very  high  tem- 
■  n^pbate  of  Ume  is  fusible,  but  it  suffers  no  decomposition  ; 
iritk  charcoal  it  is  converted  into  a  sulphuret.     It  dissolves 
miposition  in  dilute  nitric  and  muriatic  acids,  and  separates 
iolations  when  concentrated  in  long  silky  or  transparent 
his  decomposed  by  the-alcaline  carbonates. 
rWflAmiDt  Sulphate  of  Lime  occurs  in  various  forms.     The  crys- 
nriety  is  usually  called  selenite  ;  the  fibrous  and  earthy,  gyp^ 
f  aiclthe  granular  or  massive,  alabaster.     The  primitive  form  of 
is  a  rhomboidal  prism  of  113**  8'  and  66^  62'.     The  crystals 
ly  transparent,  and  of  various  colours ;  it  is  softer  than 
cwbooate  of  lime,  and  yields  very  ea<^ily  to  the  nail.     It  is  sel- 
in  veins,  but  generally  disseminated  in  argillaceous  strata. 
Cumberland  at  Alston,  and  in  Oxfordshire  at  Shotover  HiU, 
it  18  often  accompanied  by  shells  and  pyrites,  and  appears  to 
resulted  from  their  mutual  decomposition.     A  beautiful  fibrous 
is  found  in  Derbyshire,  applicable  to  ornamental  purposes. 
ve  and  granular  gypsum  is  found  in  this  country  accompanying 
-deposits  in  Cheshire.     It  abounds  at  Montmartre,  near  Paris,  • 
DS  organic  remains  ;  sometimes  it  forms  entire  liills.     In  the 
lolae,  Swiss,  and  Italian  Alps,  it  is  found  upon  the  primitive  rocks, 
91  of  the  purest  white,  especially  at  Montier,  near  Montblanc,  and 
w  tibe  summit  of  Mount  Cenis.     It  is  turned  by  the  lathe,  and  sculp- 
ed imo  a  variety  of  beautiful  forms,  more  especially  by  the  Floren- 
'  artists. 

9i&  There  is  a  variety  of  sulphate  of  lime,  which  has  been  called 
prfnovf  gypsum,  or  anhydrite,  in  reference  to  its  containing  no  water. 
harder  than  selenite,  and  sometimes  contains  common  salt,  and  is 
called  mariaciU.  It  is  rarely  crystallized,  a;enerally  massive  and 
■v«  and  susceptible  of  division  into  rectangular  prisms.     It  has  j 

ifend  in  Derbyshire  and  Nottinghamshire  of  a  pale  blue  tint ;  J 


•ometiines  it  is  nirik  i#  reddish,  and  often  white.    It  bM 
Vulpino,  in  Italy,  and  hence  called  FiUninite.    The  atati 
«  gamo  and  Milan  employ  it,  and  artists  know  it  by  the  nai 

di  Betvamoi  A  compound^  anlphate  of  Uoie  apd  sulp 
foand  in  the  salt-mines  of  New  CastOe,  iHiich  mineralo, 
scribed  under  thejiame  of  Olauberite*^- 

630*  liMiphuret  of  Iatm. — ^By  passing  phdsphoms 
lime,  a  broiyn  compound  is  produced,  which  rapidly  dee* 
with  the  evolution  of  phosjAraretted  hydrogen  gas.    A 
and  hypo-pkotpkiU  ^  Ume  ire  also  formed. 

The  best  process  for  obtaining  this  phosphuret  is  the  i 
lect  a  green  giass,  or  porcelain  tube,  closed  at  one  end, 
insbes  loi^,  and  one  inch  diameter,  and  carefully  covei 
lute  containing  a  very  little  borai.  Put  an  ounce  of  pfa 
ken  into  small  pieces  into  the  lower  end,  and  fill  it  op 
clean  quicklifne,  about  the  size  of  large  peas  :  place  it 
position  in  a  furnace,  so  that  the  end  containing  the  pi 
protrude,  while  the  upper  part  of  the  tube  is  heating  to 
slowly  draw  the  cool  part  into  the  fire,  by  which  the  pi 
be  volatilized,  and  passing  into  the  red-hot  lime,  conve 
it  into  phosphuret.  Care  should  be  taken  that  no  consid 
of  phosphorus  escapes  and  burns  away  at  the  open  en 
which,  after  the  process,  should  be  corked  and  sufiere 
contents  may  then  be  shaken  upon  a  sheet  of  .paper,  a 
pieces  picked  out  and  carefully  preserved  in  a  well  stop[ 
white  pieces,  or  those  which  are  only  pale  brown,  mw 
This  compound,  though  called  phosphuret  of  lime,  is  pi 
phuret  cf  ^akimm^ 

637.  Nfdtber  the  Phosphite  nor  Hypophotphitt  of  Ia\ 
particularly  examined. 

638.  Phosphate  of  lAme  exsits  abundantly  in  the  bon 
it  is  also  found  in  the  mineral  world.  It  may  be  formed 
mixing  solutions  of  phosphate  of  soda  and  muriate  of  lim 
pid  and  insoluble  in  water,  but  dissolves  in  dilute  nitri* 
add  without  decomposition,  and  is  precipitated  unalte 
ammonia.  It  is  decomposed  by  sulphuric  acid,  and  thus 
ric  acid  for  the  production  of  phosphorus  is  usually  pn 
Phosphorus,  Chap.  IV.,  Sect,  iv.)    It  consists  of  . 

28  lime 
X      28  phosphoric  acid 

56 

At  a  very  high  temperature  phosphate  of  lime  fuses  ii 
white  enamel. 

639.  Bi'phosphate  of  Lime  is  formed  by  digesting  the 
phosphoric  acid.     On  evaporation  a  white  deliquescent 
Die  mass  is  obtained,  composed  of  one  proportional  of  1 
phosphoric  acid. 

64a  The  phosphoric  glass  described  under  the  head/i 
(Chap.  IV.,  Sect,  iv.)  is  considered  by  Dr.  Thomson  as  i 
ymuid^  which  he  has  termed  j-nffrjrftmijtigifl  aflime.^^ 


f.\i.f{iit\viPliMpkatcoflim»km  b;  come  bee*  ng>rded  n  amft. 
■M'lAiiii,  in  whirh  cHse  it  vonld  be  compoeed  of  two  propoitionalt  of 
Di  liine  -f  one  phosphoric  acid.    Tlua  compound  occurs  cryatalliMd 
'  sliDwiTe,  uid  iF<  known  mider  the  aiil>e>  ofapaiiU,  iuparagm»-ttmw, 
wlfjU^R.    The  cryitalliEed  rariiet^  is  found  in  Cornwall  and. 
Dnwlitre.  of  siiiguhr  ImM^.     Its  pnmitlve  fbrn  it  a  n-nded 
mm:  i1  abw  occiin  in  Tdlcamc  products  ;  and,  wbat  ia  cmioni,  th« 
ioKtijloifhoretceal  *nd  the  latter  not     The  ntmite  Tariety  is 
MilBubeiiiia  and  in  Spain. 
ia.  Carhomie  of  lAint  is  the  moat  'diimdmt  compound  of  this   ■ 
'  rill.   Whrn  lime-water  is  exposed  to  air,  it  becamea  covered  with 
■"liihkfikiof'ciirboDate  of  lime,  and  hence  is  an  excellent  test  of 
' friKt  of  carbonic  acid.     But  excess  of  carbonic  acid  rftJis- 
Jic<  tb«  |JKripiui«,  producing  a  super  •carbonate.    Carbcmate  of 
W  H  pTKipjuicd  by  the  carbonated  alcalis  from  solutions  of  muriate, 
■tfnif.  ud  >ul|.hAle  of  lime.     Exposed  to  a  red  beat  the  cubonic  add 
txi^.  and  quickiime  is  obtained.     It  consists  of 
SS  lime 
22  carbonic  acid 
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£0.  firboDiile  of  lime  OGCun  in  nature  in  great  abundaacc  and  in 
*w»d>  hms.  Tb<!  primitive  form  of  crystallized  carbonate  of  lime, 
BT  uianma  spar,  is  an  obtuse  rhomboid  of  106°  6*  and  74°  BV.  Its 
^takptfity  is  2.7.  It  occurs  in  every  kind  of  rock,  and  its  secon- 
iijbm  »Te  more  nuiaerous  than  those  of  any  other  substance; 
••imrtimH  il  forms  line  stalacliltif  of  which  some  of  the  caverns  of 
ftrtjihire  funmh  m.iKnificent  specimens  ;  it  is  here  deposited  from 
ttwiatimtin  water  »ciiliihitedby  the  carbonic  acid,  and  substances  im- 
■md  in  Ibis  water  become  incrustcd  by  carbonate  of  lime,  when  the 
gw  of  «iid  fliee  off,  -.is  seen  in  the  petrifying  well  of  Madoek.  A 
I^Tancty  of  carbonate  of  lime,  called  ntttn  ipar,  is  found  in  Com- 

Hlber  variety,  ori^nally  found  in  Arragon  in  Spain,  has  been  term* 
IttgMtiu ;  it  occurs  in  six-sided  crystals,  of  a  reddish  colour,  and 
Nrr  tfian  the  common  carbonate.  There  is  an  ucicular,  or  fibrons. 
mtj,  found  in  France  and  Germany  ;  and  the  white  radiated  sub- 
nce,  improperly  called  floiferri.  is  also  regarded  as  of  the  same  spe- 
I.  Some  varieties  contain  about  3  per  cent,  of  slronlia. 
ID  tite  varieties  of  marble  and  lime-stone  consist  essentially  of  car- 
ate  of  lime  ;  of  these,  vhite  granular  lime-ttone,  or  primitive  mar- 
I  ■  BMMt  esteemed ;  Aere  are,  also,  many  coloured  varieties  of 
nae  beauty.  It  is  distinguished  from  secondary  linie-atont  by  the 
man  of  all  organic  remains,  by  its  granularly  foliated  structure, 
Itf  ili  association  with  other  primitive  substances. 
lie  Bost  celebrated  statuary  marble  is  that  of  Pares  and  of  Hons 
IJlm,  near  Athens  ;  of  these,  some  of  the  finest  specimens  trf" an- 
Kacalptare  are  composed.  The  marble  of  Carrara,  or  Lnu,  on 
•atem  coast  of  the  Gulf  of  Genoa,  is  also  much  esteemed  ;  it  la 
*—*'^,  and  less  crystalline  than  the  Parian.  . 

beantifnl  marbles  for  ornamental  purposes  are  quamed  in 
and  especii%  the  black  marble,  called  also  ^mwUiIs. 
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•ometimesit  is  fbik  €r  reddkh,  and  often  white.    It  batbM 
Vulpino,  in  Italy,  and  hence  called  ViUpinite.    The  atataarie 
«  gamo  and  Milan  employ  it,  and  artists  know  it  by  the  name  c 

di  BtTfomo,  A  compound  «f  solphate  of  lime  and  snlphste 
found  m  the  salt-mines  of  New  Castiloi  which  mineralogista 
scribed  under  the -name  of  GlauberiU.  ■ 

636.  Fh^phuret  of  Lime, — By  passing  phctophoms  ore 
lime,  a  brown  compound  is  produced,  which  rap&y  decompc 
with  the  evolution  of  phosphuretted  hydrogen  gas.  Hydroj 
and  hypo-photphiU  ^  linu  are  also  formed. 

The  best  process  for  obtaining  this  phosphuret  is  the  foUo^ 
lect  a  green  glass,  or  porcelain  tube,  closed  at  one  end,  and 
inoliea  loi^,  and  one  inch  diameter,  and  carefully  cover  it  ft 
lute  containing  a  very  little  borax.  Put  an  ounce  of  phospl 
ken  into  small  pieces  into  the  lower  end,  and  fill  it  up  with 
clean  quicklime,  about  the  size  of  large  peas  :  place  it  in  a 
position  in  a  furnace,  so  that  the  end  containing  the  phospl 
protrude,  while  the  upper  part  of  the  tube  is  heating  to  redn 
slowly  draw  the  cool  part  into  the  fire,  by  which  the  phos|ri 
be  volatilized,  and  passing  into  the  red-hot  lime,  convert  a 
it  into  phosphuret.  Care  should  be  taken  that  no  consideral 
of  phosphorus  escapes  and  bums  away  at  the  open  end  of 
which,  after  the  process,  should  be  corked  and  suffered  to 
contents  may  then  be  shaken  upon  a  sheet  of  .paper,  and  tl 
pieces  picked  out  and  carefully  preserved  in  a  well  stopped  | 
white  pieces,  or  those  which  are  only  pale  brown,  must  bfe 
This  compound,  though  called  phosphuret  of  lime,  is  probal 
phurei  of  taleimm^ 

637.  Neither  the  Pkosphiie  nor  Hypophoiphitt  of  lAnu  1 
particularly  examined. 

636.  Phosphate  of  Lime  exsits  abundantly  in  the  bones  o\ 
it  is  also  found  in  the  mineral  world.  It  may  be  formed  artil 
mixing  solutions  of  phosphate  of  soda  and  muriate  of  lime, 
pid  and  insoluble  in  water,  but  dissolves  in  dilute  nitric  am 
acid  B'ithout  decomposition,  and  is  precipitated  unaltered  1 
ammonia.  It  is  decomposed  by  sulphuric  acid,  and  thus  the 
ric  acid  for  the  production  of  phosphorus  is  usually  procun 
Phosphorus,  Chap.  IV.,  Sect,  iv.)    It  consists  of  , 

28  lime 
\      28  phosphoric  acid 
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At  a  very  high  temperature  phosphate  of  lime  fuses  into  a 
white  enamel. 

639.  Bi'phosphcUe  of  Lime  is  formed  by  digesting  the  pha 
phosphoric  acid.     On  evaporation  a  white  deliquescent  unci 
ble  mass  is  obtained,  composed  of  one  proportional  of  lime 
phosphoric  acid. 

640.  The  phosphoric  glass  described  under  the  head  fiboyl 
(Chap.  IV.,  Sect,  iv.)  is  considered  by  Dr.  Thomson  as  a  data 
peund^  which  he  has  termed  fuadriphoeplifi^  o^/una.— iS^i^ 
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imna^pihaUtf  LAm&hm  by  somebeeftrefudedmaniA- 
ii  wUch  cafte  it  would  be  composed  of  two  proportionak  of 
ne  phosphoric  acid.  This  componnd  occurs  dystaflized 
,  nd  is  known  under  the  aajqiBSof  apattte,  aspart^ms^iUmef 
rte.  The  crystallized  variety  is  roond  in  Cornwall  and 
»  of  singular  beao^.  Its  pnmitive  form  is  a  saxsided 
so  occurs  in  Tokanic  products ;  and,  what  is  cmiouiv  the 
UMphorescent  and  the  latter  not  The  maiiife  rmeij  is 
hernia  and  in  Spain. 

honate  of  Lime  is  the  most '  abundant  compound  of  this  • 
en  lime-water  is  exposed  to  air,  it  becomes  covered  with 
film  of  carbonate  of  lime,  and  hence  is  an  exceOent  test  of 
not  carbonic  acid.  But  excess  of  carbonic  add  xn^dis- 
ptedpitate,  producing  a  super-carbonate.  Carbonate  of 
ipitated  by  the  carbonated  alcalis  from  solutions  of  muriate, 
sulphate  of  lime.  Exposed  to  a  red  heat  the  carbonic  add 
I  quicklime  is  obtained.    It  consists  of 

28  lime 

22  carbonic  add 

60 

iMmate  of  lime  occurs  in  nature  in  great  abundalMse  and  in 
»•  The  primitive  form  of  crystallized  carbonate  of  lime, 
w  tpar^  is  an  obtuse  rhomboid  of  106^  5'  and  74^  65f.  Its 
ity  is  2.7.  It  occurs  in  every  kind  of  rock,  and  its  secon- 
are  more  numerous  than  those  of  any  other  substance ; 
it  forms  fine  stalactites,  of  which  some  of  the  caverns  of 
furnish  m<ignificent  specimens  ;  it  is  here  deposited  from 
n  water  acidulated  by  the  carbonic  acid,  and  substances  im- 
lis  water  become  incrusted  by  carbonate  of  lime,  when  the 
:id  flies  off,  as  seen  in  the  petrifying  well  of  Matlock,  A 
ety  of  carbonate  of  lime,  called  satin  spar^  is  found  in  Cum- 

rariety,  originally  found  in  Arragon  in  Spain,  has  beenterm- 
'ie  ;  it  occurs  in  six-sided  crystals,  of  a  reddish  colour,  and 
.  the  common  carbonate.     There  is  an  acicular,  or  fibrous, 
md  in  France  and  Germany  ;  and  the  white  radiated  sub- 
rope  rly  called ^o«/erri,  is  also  regarded  as  of  the  same  spe- 
e  varieties  contain  about  3  per  cent,  of  strontia. 
arictics  of  marble  and  lime-stone  consist  essentially  of  car- 
ime  ;  of  these,  white  granular  lime-stone,  or  primitive  mar' 
i  esteemed ;  there  are,  also,  many  coloured  varieties  of 
eauty.     It  is  distinguished  from  secondary  lime-stone  by  the 
of  all  organic  remains,  by  its  granularly  foliated  structure^ 
usociation  with  other  primitive  substances. 
Ml  celebrated  statuary  marble  is  that  of  Tares  and  of  Mons 
IS, near  Athens  :  of  these,  some  of  the  finest  specimens  of  an- 
ilptaire  are  composed.     The  marble  of  Carrara,  or  Luni,^  oil 
era  coast  of  the  Gulf  of  Genoa,  is  also  much  esteemed  \  it  is 
*te,  &Dd  less  crystalline  than  the  Parian.  ^     ^       ^ 

^^^•wrtifal  marbles  for  ornamental  purposes  are  quarried  in 
■tte,  aiHl  especial^  the  black  marble,  called  also  ImMSU^ 
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Bometimes  it  is  pudc  of  reddisb,  and  often  white.  It  hasbeWftv 
Vulpino,  in  Italy,  and  hence  called  VtUpiniU.  The  atataariee  ef 
gamo  and  Milan  employ  it,  and  artists  know  it  by  the  name  of  M 
di  Bergamo.  A  compoiuid  ipf  sulphate  of  Ume  and  sulphate  of  ai 
foand  in  the  salt-mines  of  New  Ca8tile»  which  mmeralogisti  hmrn 
scribed  ander  the -name  of  GlauberiU*- 

636.  Fkotphuret  of  Lime, — By  passing  phctophonis  over  net 
lime,  a  broifn  compound  is  produced,  which  rapidly  deeompoaea^ 
with  the  e?olation  of  phosphuretti^  hydrogen  gas.  HydA^phmpi 
and  hypo-phoephiU  rf  linu  are  also  formed. 

The  best  process  for  obtaining  this  phosphuret  is  the  fiillewiqg! 
loot  a  green  glass,  or  porcelain  tube,  closed  at  one  end,  and  abai 
inches  long,  and  one  inch  diameter,  and  carefully  cover  it  wMb  ii 
lute  containing  a  very  little  borax.  Put  an  ounce  of  phoapllbrgi 
ken  into  small  pieces  into  the  lower  end,  and  fill  it  up  witl^fjll 
clean  quicklime,  about  the  size  of  large  peas :  place  it  in  asl.-Bd 
position  in  a  furnace,  so  that  the  end  containing  the  phoaphorat 
protrude,  while  the  upper  part  of  the  tube  is  heating  to  redneat; 
slowly  draw  the  cool  part  into  the  fire,  by  which  the  phosphons 
be  volatilized,  and  passing  into  the  red-hot  lime,  convert  a  poilk 
it  into  phosphuret.  Care  should  be  taken  that  no  consideralilepoi 
of  phosphorus  escapes  and  burns  away  at  the  open  end  of  th^  t 
which,  after  the  process,  should  be  corked  and  suffered  to  oaal 
contents  may  then  be  shaken  upon  a  sheet  of  .paper,  and  thf  :hpil 
pieces  picked  out  and  carefully  preserved  in  a  well  stopped  piU|; 
white  pieces,  or  those  which  are  only  pale  brown,  must  bfe  i^ 
This  compound,  though  called  phosphuret  of  lime,  is  probaUy  O] 
phuret  0^  e^^iifii. 

637.  Neither  the  Phosphite  nor  Hypophoephite  of  IdmB  ham  I 
particularly  examined. 

638.  Phosphate  of  Ldme  exsits  abundantly  in  the  bones  of  anfal 
it  is  also  found  in  the  mineral  world.     It  may  be  formed  ai 
mixing  solutions  of  phosphate  of  soda  and  muriate  of  lime, 
pidand  insoluble  in  water,  but  dissolves  in  dilute  nitric  and 
acid  without  decomposition,  and  is  precipitated  unaltered 
anunonia.     It  is  decomposed  by  sulphuric  acid,  and  thua  Ae  _ 
ric  acid  for  the  production  of  phosphorus  is  usually  procured* 
Phosphorus,  Chap.  IV.,  Sect,  iv.)    It  consists  of  . 

28  lime 
\      28  phosphoric  acid 
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At  a  very  high  temperature  phosphate  of  lime  fuses  into  an  opi 
white  enamel. 

639.  Bi'phosphfUe  of  Lime  is  formed  by  digesting  the  phoaphii 
phosphoric  acid.  On  evaporation  a  white  deliquescent  nnc  rjitsj 
Die  mass  is  obtained,  composed  of  one  proportional  of  lime  -}•  li 
phosphoric  acid. 

640.  The  phosphoric  glass  described  under  the  headpAoijpftanjp 
(Chap.  IV.,  Sect.  iv«)  is  considered  by  Dr.  Thomson  aa  adofinilfii 
round,  which  he  has  termed  qimdriphm/ltffH  ^ Um§.SgtifmfJi^ 
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JtMmltmjpkaU^f  Lm9  hm  by  tome  be«ii«indod 
te,  in  wkich  cane  it  would  be  composed  of  Wo  proper^ 

4-  000  phospboric  acid.    Tbji  compoaod  occun  cr^ ^ 

» flnd  is.knowii  under  the  njpooof  opalt^,  ajpom^pw-tfoiie. 
The  ciystaDized  Tiiietjr  is  mond  in  Connrall  and. 
siqgalar  besisl^.  Its  pnmitiTe  fonn  is  a  A  sHjcd 
Ilk  alio  ocean  in  Tokahic  products ;  and,  what  ii  car|ooi^  the 
viavhoqpborescent  and  the  latter  not  The  maififo  Ytrietj  is 
I  ■  Bohrmia  and  in  Spain. 

t.  CSarioHOla  of  Ltiiie  is  the  moat  'sJbondiiwf  cOnponnd  of  this 
•  Wheo:  iinie-water  is  exposed  io  air,  it  becooKs.  covered  with 
■alable  Sim  of  carbonate  of  lime,  and  hence  is  an  excellent  test  of 
piaencnof  carbonic  acid.  Bat  excess  of  carbonic  add  i)|rdis- 
I  tta  yfcipiUte,  producing  a  super-carbonate.  Cubouite  of 
jpifaecifitated  by  the  carbonated  alcalis  from  solutions  of  muriate, 
m%  and  aoiphate  of  lime.  Exposed  to  a  red  heat  the  carbonicadd 
qoicklime  is  obtained.    It  consists  of 

28  lime 

22  carbonic  acid 
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St  Garfconate  of  lime  occurs  in  nature  in  great  abundaboa  and  in 
The  primitiye  form  of  crystallused  carbonate  of  lime, 
ipar,  is  an  obtuse  rhomboid  of  105^  &  and  74^  66^.  Its 
Wmffmit]  is  2.7.  II  occurs  in  every  kind  of  rock,  antits  secon- 
'ftimi  are  more  numerous  than  those  of  any  other  eubstance ; 
itDMs  it  forms  fine  stalactites^  of  which  some  of  the  caverns  of 
railiire  fVimish  magnificent  specimens  ;  it  is  here  deposited  from 
lotioQ  in  water  acidulated  by  the  carbonic  acid,  and  substances  im- 
cd  in  this  water  become  incrusted  by  carbonate  of  lime,  when  the 
■  of  acid  flies  off,  as  seen  in  the  petrifying  well  of  Matlock.  A 
la  variety  of  carbonate  of  lime,  called  satin  $par^  is  found  in  CoHi- 

isttier  variety,  originally  found  in  Arragon  in  Spain,  has  been  term- 
krmgomie  ;  it  occurs  in  six-sided  ciystals,  of  a  reddish  colour,  and 
ler  than  the  common  carbonate.     There  is  an  acicular,  or  fibrous, 
sly,  found  in  France  and  Germany ;  and  the  white  radiated  sub- 
ce,  improperly  called ^oa/errt\  is  also  regarded  as  of  the  same  spe- 
.    Some  varieties  contain  about  3  per  cent,  of  strontia. 
U  the  varieties  of  marble  and  lime-stone  consist  essentially  of  car- 
afte  of  lime  ;  of  these,  7»hite  granular  lime-stone,  or  primitive  mar- 
is  most  esteemed ;  tiiere  are,  also,  many  coloured  varieties  of 
beauty.     It  is  distinguished  from  secondary  lime-stone  by  the 
of  all  organic  remains,  by  its  granularly  foliated  structure^ 
I  by  its  association  with  other  primitive  substances. 
tmt  aiost  celebrated  statuary  marble  is  that  of  *Paros  and  of  Hons 
ieicus,  near  Athens :  of  these,  some  of  the  finest  specimens  of  an- 
il scalpture  are  composed.     The  marble  of  Carrara,  or  Lanin^  oil 
caatem  coast  of  the  Gulf  of  Genoa,  is  also  much  esteemed ;  it  ia 
:-wliite,  and  less  crystalline  than  the  Parian, 
baijr  beautiful  marbleafor  ornamental  purposes  are  qoatliiri  in 
bjahiie,  and  especia^  Ute  bkck  marble,  called  also  JEffMfta^ 
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tometimes  it  is  pudc  oj  reddish,  and  often  white.  It  has  InM 
Vulpino,  in  Italy,  and  hence  called  FiUptniU.  The  atataariei 
gamo  and  Milan  employ  it,  and  artists  know  it  by  the  name  d 
di  Bergamo.  A  compound  ipf  anlphate  of  lime  and  sulphate  • 
found  in  the  salt-mines  of  New  Castilei  which  mineralogisfeB 
scribed  ander  the  name  of  GlauheriU* 

636.  Fkotphuret  of  Lime, — By  passing  phctophoms  ova 
lime,  a  brown  compound  is  produced,  which  rapidly  decompo 
with  the  e?bIntion  of  phosphuretted  hydrogen  gas.  Ifydrop 
and  hypo-pkoephiU  ^  Um/e  are  also  formed. 

The  best  process  for  obtaining  this  phosphuret  is  the  fiiUof 
lect  a  green  glass,  or  porcelain  tube,  closed  at  one  end,  and 
inohea  long,  and  one  inch  diameter,  and  carefully  cover  it  wj 
lute  containing  a  very  little  borax.  Put  an  ounce  of  phoapM 
ken  into  small  pieces  into  the  lower  end,  and  fill  it  up  witk, 
clean  quicklime,  about  the  size  of  large  peas :  place  it  in  ai 
position  in  a  furnace,  so  that  the  end  containing  the  phosph 
protrude,  while  the  upper  part  of  the  tube  is  heating  to  redm 
slowly  draw  the  cool  part  into  the  fire,  by  which  the  phospb 
be  volatilized,  and  passing  into  the  red-hot  lime,  convert  a  ] 
it  into  phosphuret.  Care  should  be  taken  that  no  considerabi 
of  phosphorus  escapes  and  bums  away  at  the  open  end  of 
which,  after  the  process,  should  be  corked  and  suffered  to  c 
contents  may  then  be  shaken  upon  a  sheet  of  .paper,  and  tl 
pieces  picked  out  and  carefully  preserved  in  a  well  stopped  p! 
white  pieces,  or  those  which  are  only  pale  brown,  must  be 
This  compound,  though  called  phosphuret  of  lime,  is  probab! 
fhuret  of  ttUeimn, 

637.  Neither  the  Phosphite  nor  Hypophoaphite  of  Idmt  h 
particularly  examined. 

638.  Phosphate  of  Ldme  exsits  abundantly  in  the  bones  of 
it  is  also  found  in  the  mineral  world.  It  may  be  formed  artifii 
mixing  solutions  of  phosphate  of  soda  and  muriate  of  lime.  I 
pid  and  insoluble  in  water,  but  dissolves  in  dilute  nitric  and 
acid  without  decomposition,  and  is  precipitated  unaltered  b 
anunonia.  It  is  decomposed  by  sulphuric  acid,  and  thus  the  ] 
ric  acid  for  the  production  of  phosphorus  is  usually  procure* 
Phosphorus,  Chap.  IV.,  Sect,  iv.)    It  consists  of  . 

28  lime 
\      28  phosphoric  acid 
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At  a  very  high  temperature  phosphate  of  lime  fuses  into  ai 
white  enamel. 

639.  Bi'phosphaie  of  Lime  is  formed  by  digesting  the  phoi 
phosphoric  acid.  On  evaporation  a  white  deliquescent  uncr 
Die  mass  is  obtained,  composed  of  one  proportional  of  lime  • 
phosphoric  acid. 

640.  The  phosphoric  glass  described  under  the  head  j»JbqiJ 
(Chap.  I  v..  Sect.  iv«)  is  considered  by  Dr.  Thomson  at  a  A»fi| 
|ioiuid«  which  he  has  termed  fmLdriphotfkfiH  of  Urn 
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Motive  Pkoiphaie  of  fjims  has  by  some  been  regarded  as  a  tuft' 
tej  in  which  case  it  would  be  composed  of  two  proportionals  of 
+  one  phosphoric  acid.  This  compound  occurs  crystallized 
sive,  and  is  known  under  the  names  of  opoli^f,  asparagnS'Stmie^ 
Yphoriit.  The  crystallized  variety  is  round  in  Cornwall  and 
lire,  of  singular  beauty.  Its  primitive  form  is  a  six-sided 
it  also  occurs  in  volcanic  products  ;  iind,  what  is  curious,  the 
8  phosphorescent  and  the  latter  not.  The  massive  variety  is 
Bohemia  and  in  Spain. 

Carhtmate  of  Lime  is  the  most  abundant  compound  of  this  • 
When  lime-water  is  exposed  to  air,  it  becomes  covered  with 
able  film  of  carbonate  of  lime,  and  hence  is  an  excellent  test  of 
ence  of  carbonic  acid.  But  excess  of  carbonic  acid  re-dis- 
he  precipitate,  producing  a  super-carbonate.  Carbonate  of 
trecipitated  by  the  carbonated  alcalis  from  solutions  of  muriate, 
and  sulphate  of  lime.  Exposed  to  a  red  heat  the  carbonic  acid 
,  and  quicklime  is  obtained,     it  consists  of 

28  lime 

22  carbonic  acid 
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Carbonate  of  lime  occurs  in  nature  in  great  abundance  and  in 
Ibnns.  The  primitive  form  of  crystallized  carbonate  of  lime, 
reous  fpar^  is  an  obtuse  rhomboid  of  105^  5'  and  74^  55'.  Its 
grarity  is  2.7.  It  occurs  in  every  kind  of  rock,  and  its  secon- 
ms  arc  more  numerous  than  those  of  any  other  substance ; 
les  it  forms  fine  stalactites,  of  which  some  of  the  caverns  of 
-lire  furnish  ma^iticent  specimens  ;  it  is  here  deposited  from 
ion  in  water  acidulated  by  the  carbonic  acid,  and  substances  im- 
in  this  water  become  incrnsted  by  carbonate  of  lime,  when  the 
jf  acid  flics  ofl',  as  seen  in  the  petrifying  Tvell  of  Matlock.  A 
variety  of  carbonate  of  lime,  called  satin  spar^  is  found  in  Cum- 

« 

tier  variety,  originally  found  in  Arragon  in  Spain,  has  beenterm- 
^onite  :  it  occurs  in  six-sidr-d  crystals,  of  a  reddish  colour,  and 
than  the  common  carbonate.  There  is  an  acicular,  or  fibrous. 
.  found  in  France  and  Germany  ;  and  the  white  radiated  sub- 
improperly  cAleilJIosferri.  is  also  regarded  as  of  the  same  spe- 
Some  varieties  contain  about  3  per  cent,  of  strontia. 
tie  varieties  of  marble  and  lime-stone  consist  essentially  of  car- 
of  lime  ;  of  these,  "ichite  granular  limestone,  or  primitive  mar- 
most  esteemed  ;  there  are,  also,  many  coloured  varieties  of 
le  beauty.  It  is  di-^tiniruished  from  secondary  lime-stone  by  the 
ce  of  all  organic  rcnrains,  by  its  granularly  foliated  structure, 

its  association  with  other  primitive  substances. 

most  celebrated  statuary  marble  is  that  of  Paros  and  of  Mons 
icus,  near  Athens  :  of  these,  some  of  the  finest  specimens  of  an- 
rulpture  are  composed .  The  marble  of  Carrara,  or  Luni,^  on 
item  coast  c>f  the  Gulf  of  Genoa,  is  also  much  esteemed  ;  it  is 
hite,  and  less  crystalline  than  the  Parian. 
y  beautiful  marbles  for  ornamental  purposes  are  quarried  in 
ihire,  and  especially  the  black  marble,  called  also  iMivUiU. 
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.^      .  COMFACT   FLtOK. 

id  DmS^btbbIm  aSofd  beanlifii]  v^inclies,  mi'f 

Angleiea,« marble  iBtenuedwitli  green  lerpeotiDeb  found,  liiUei| 
ferior  in  beauty  to  the  -eerd  antique.  < 

ApioDgtbe  inferior  Kme-stooes,  we  eoimiente  mnny  vartetics.  Mid 
as  common  marble  ;  MIuhmmhu  Iim4-Hqiu,  atnudant  upon  the  ATM 
near  Briabd,  and  known  under  the  na^  of  rwine-none  or  uink'Hom 
frmn  the  peculiar  sntell  which  it  afford)  wheri  nibbetl:  Oolite  or  AoohhJ 
at  wiieh  the  hooses  of  Bath  are  built ;  and  ita  Tariety,  called  Pintm 
ttont:  Pi$otiU  consists  of  small  roanded  miMfi.  com]>oaed  of  cti 
centric  lajen,  with  a  gr^i  of  "^^^  alwaji  in  the  centre  :  and,  lafd] 
(Aoft  and  ntarl. 

AU  theae  aubstance*  aiv^MM  or  lew  nsefal  lor  omamenial  ptu|M^ 
orlbe  baOdiic;  theyaflbrd  ^icklime  when  bumi^i].  nni  in  lliMM 
aren  p«at importance  ■•■Mnares,  and  asingreilientsin  the  «mmI 
utedfii^bidlding.  Theretaa;greatTuiety  of  Uine -stones  ti'teitbrbuq 
ninginto  Mnctitma,  and,  generally  speaking,  any  of  the  v»rie1ie4  nl 
be  oeedinucb  neither  ^se  nor  crumble  into  poKiler  ai  the  trmpu 
tnre  required  to  expel  the  carbonic  acid,  which  is  .1  full  red  heat.        J 

644.  Borate  of  dme  is  a  i^te  tastdeas  powder  of  very  difficoltH 
labilt^  in  water.  ] 

64fi.  The  salts  of  lime  hftvethe  Allowing  properties  : —  \ 

Those  iriiicb  are  soluble  are  not  altered  by  pnre  ammonia,  but  IM 
are  decomposed  by  potassa  and  soda.  The^  am  niso  decomposedtj 
the  carbonates  of  potassa,  soda,  and  ammonia,  which  produce  precip 
lates  of  carbonate  of  lime. 

Oxalate  of  ammonia  produces  in  their  solutioaa  ;i  white 
precipitate  of  oxalate  of  lime,  which,  exposed  to  a  rod  heat,  ■ 
pnre  lime. 

The  insoluble  salts  of  lime  are  decomposed  by  being  boiled  I 
carbonate  of  potassa,  and  afford  carbonate  of  lime. 

646.  Fiiur  Spar—Flvate  of  Lime.— These  terms  have  been  11 
pUed  to  a  body  containing  a  peculiar  principle  which  has 
been  obtained  in  an  insulated  state. 

It  is  a  principle  which  probably  belongs  to  the  :iciilifying  electn 
gative  supporters  of  combustion,  and  which  in  fliiur  spar  j 
united  to  calcinm.     It  appears  to  be  united  with  hydrogen  ii 
or  hydrojlvoric  acid.     This  supposed  base  has  been  called  Jtuo 
Sir  H.  Davy  ;  noAphtore  (from  ^^i*<,  detlrvetm^.)  by  M.  Amp^re.3 

647.  Fluor  Spar  is  a  mineral  found  in  many  pirts  of  the  v 
in  great  beauty  and  abundance  in  England,  and  especially  i 
flhire.  Here  it  is  commonly  called  Derhj^m^r.  or  by  the  mind 
of  that  county  blue  John.  It  is  usually  found  in  cubic  crvslals.  widr 
may  easily  be  cleaved  into  octoedra,  sometimes  considered  as  it«  pni 
tive  form  (27).  Its  colours  are  extremely  various.  Its  specific  0 
vi^  3.  It  phosphoresces  when  exposed  to  a  heit  a  little  below  rt 
nesa.  It  generally  ocean  in  veins  ;  intfae  Odiu  mine  at  Cai<lle(onl 
Derbyshire,  it  is  fbnad  in  detached  masses,  from  .m  inch  to  more  tl 
a  foot  in  thickness;  their  structure  is  divergent,  and  the  colour*,  w~ 
are  various,  disposed  in  concentric  bands.  Itis  the  only  v.-irietyw 
admits  of  being  turned  in  the  lathe  into  vases  and  other  nrnsmnlrfl 
tides. 

OHNfMCljIntfr  is  a  scarce  variety:  the  finest  apedsKna  00m  M 
the  Hartz.  A-4urd  vajiety  is  ehlormAame,  so  cdlcd-from  tlM  baMpI 
pale  green  li^t  which  it  exhibits  when  heated. 


The  nature  of  lb«  colouring  miitter  of  duor  spar  m  not  exactly  un- 

lentMxl.      It  19  liable  to  fude,  uaA  the  blue  varieties  become  red  and 

Kown  by  he»L 

ftlt.  tiyHroHuark  aeiil  (Jij/dropkiorie  of  Ampere)  i$  procured  bj 

irfiKigtt  mixture  of  one  purt  of  tlie  purest  tluor<ipurin  line  powder, 

■llblirovfaalpburicacid  ;  the^st ilia toryappumtns and  receiver  »hou til 

be  of  laad  or  silver,  for  glass  is  ioHtantly  itcted  on  ;  the  heat  retjaired  i'i 

BOt  caWMlirable  ;  sulphate  of  lime  remains  in  the  retort,  aud  a  highly 

taiimd  corrosive  hquid  passes  over,  which  requires  the  assistuncv 

•f  icelbrils  coadensaiion. 

Thi»  acid  is  colourless,  of  a  veiy  pnngent  smell,  and  extremely  d»s. 

Mifs.     If  applied  to  the  skin  it  instantly  kllla  the  part,  proiluring 

[■^■a  puD,  and  extensive  ulceration.     At  80'  it  becomes  gaseous  ; 

il  hiiawrer  been  frozen  ;  it  produceN  while  fames  when  expo«ed  to 

MM*  air.  and  occasions  a  hissing  noise  when  dropped  into  water. 

TliM  ncii)  acts  upon  potassium  and  sodium,  and  some  other  metab, 

great  «oergy  ;  hydrogen  is  evolved,  and  a  peculiar  compound, 

of  the  basis  of  tlte  acid,  and  the  metal,  results.     These  com- 

Hgbt  be  called  JIvoridei.      The   principal  hydrofiwuei,  or 

have  been  examined  by  Gay-Lussac  and  Thenard.  {^Rtcherchts 

i<tliiRtfuci.)     They  have  not  been  analyzed,  but  if  we  adopt 

nbcrlT  as  the  representalive  of  the  acid,  considering  it  as  com- 

of  IG  fluorine  +  I  hydrogen,  it  is  probable  that  they  consist  of 

oportional  of  acid  and  one  of  base. 

Hytrofiuate  of  Ammonia,  is  not  crystallizable,  and  when  evapo- 

a  portion  of  alcali  and  becomes  sour  ;  when  heated  it  rises  in 

white  vapour.  — " 

Hydrofiuate  of  Potasia  is  a  very  soluble  deliquescent,  and  dif- 

-y:»talliiuible  salt,  of  a  sharp  taslc.     When  heated  it  first  loses 

of  crystallization,, then  fuses  (becoming jiuorirfe  of  fotatv'- 

'  'luric  acid  separates  the  hydrofluoric. 

■afluate  of  Soda  has  less  taste,  and  is  less  soluble  than  the 
When  heated  it  decrepitates  then  fuses.  It  i»  permaneoC 
lir.  and  sepatates  from  its  solution  in  hot  water,  partly  as  a  trans- 
pellicle  and  partly  in  crystals. 
When  hydrofluoric  acid  is  poured  into  solutions  of  Ihe  salts  of 
white  insoln'ble  powder  is  thrown  down,  which  resembles  tluor 
it&  chemical  properties,  and  must  therefore  be  considered  as  a 

bydro^uoric  is  the  only  acid  that  acts  rapidly  on  glass,  and 

'ire  be  preserved  in  ve>scls  of  that  material.     If  a  piHtc 

'lb  wax,  having  any  device  traced  upon  it  by  a  blunl 

d  to  the  funics  of  this  acid,  the  elasi'  presents  the  ap- 

iug  tieeuelcbed,  'ipon  removing  the  nux, — See  Si/icii- 

Mid,  Sect,  xxxvii. 

loric  .'kid. — This  is  probably  a  compound  of  fluoriiie  with 

if  r>>gardiid  OS  consisting  of  one   proportional  of  each  of 

leots.  iU  repretfentative  number  will  bo  22,  and  il  will  con- 

lorine  +  a  boron,     Il  is  gMseous.  and  may  be  i^blained  by 

gias*  retort  twelve  parts  of  sulphuric,  acid,  nilb  n  mixture 

of  fused  boracic  acid  and  two  of  fluor  spar,  reduced  to 

powder.     The  gas  most  be  received  over  mercury  ;   100 

il  tnche*  ncijtli  TiM  grains  ;  so  that  the  specific  gravity  of  fluo- 
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boric  aciti  compared  with  hydrc^eii,  is  32.2S»  and  with  aitmosphenc  mTi, 
2.400.*     It  produces  very  copious  fumes  when  saffered  to  escape  ii 
a  moist  atmosphere  ;  when  acted  upon  by  water,  which  diasolvea 
times  its  volume,  it  affords  a  solution  of  hydrofluoric  and  boracic 
whence  it  would  seem  that  the  hydrogen  is  transferred  to  the  Am 
and  the  oxygen  to  the  boron.     It  acts  with  great  energy  on  ▼( 
and  animal  bodies,  depriving  them  of  moisture  and  hydrogen.     A 
of  paper  introduced  into  fluoboric  gas  becomes  instantly  c1 
Potassium  heated  in  this  gas  occasions  the  deposition  of  boron,  and 
production  of  fluoride  of  potassium,  which  by  the  action  of  water  h^' 
comes  hydrofluate  of  potassa. 

625.  The  fluoboric  acid  combines  with  different  basis,  and  prodoccv 
a  class  of  salts  which  have  been  called  Jluoboraiet :  of  these  theibi*: 
borate  of  ammonia  hits  been  examinisd  by  Dr.  John  Davy.  (PkiL  3V«hC 
1812.)  It  appears  from  his  experiments  that  the  fluoboric  acid  is  c^ 
pable  of  condensing  successively,  one,  two,  and  three  volumes  of  sm- 
monia.  The  first  is  a  white  solid,  volatile  in  close  vessels  by  theap*  J 
plication  of  a  gentle  heat.  The  two  other  compounds  are  liquid,  and 
when  exposed  to  the  atmosphere,  lose  ammonia  and  pass  into  the  finL 
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Section  V.    Barium. 

626.  To  obtain  this  metal,  the  earth  baryta  is  negatively  dectiiwfr-i 
in  contact  with  mercury  ;  an  amalgam  is  gradually  formed, from  whidl-  \ 
the  mercury  may  be  expelled  by  heat,  and  the  metal  barium  remaiM|!  -i 
appearing,  according  to  Sir  II.  Davy,  of  a^lark  grey  colour,  and  haa^  '.. 
more  than  twice  as  heavy  as  water.  It  greedily  absorbs  oxygen,  9mL  ; 
bums  with  a  deep  red  light  when  gently  licatcd,  producing  the  oxide  sC  '. 
barium.  > 

627.  Oxide  of  Barium,  Baryta,  or  Barya,  is  obtained  by  exposi^f  : 
the  crystals  of  nitrate  of  baryta  for  some  time  to  a  bright  red  hesir 
It  is  of  a  grey  colour,  and  very  diflicult  of  fusion  ^  it  appears  to  con- 
sist of  70  barium  +  8  oxygen,  and  is,  consequently,  represented  by 
78.  Its  specific  gravity  is  about  4,  hence  the  name  Baryta^  as  bei^ 
the  heaviest  of  the  substances  usually  called  earths.  It  eagerly  ab- 
sorbs water,  heat  is  evolved,  and  a  white  solid  is  formed,  rnntamity 
about  10  per  cent,  pf  water,  which  it  retains  at  a  red  heat ;  this  is  tiiS 
hydrate  of  baryta,  and  may  be  considered  as  a  compound  of  1  propor^ 
tional  of*^  baryta  =  78+1  proportional  of  water  =i  9,  and  is,  conse- 
quently, represented  by  87. 

628.  Hydrate  of  Baryta  dissolves  in  boiling  water,  and,  as  the  solu- 
tion cools,  deposits  flattened  hesagonnl  prisms,  which  contain  a  larger 
quantity  of  water,  and  are  easily  iusibJe.  According  to  Mr.  Daltoo, 
crystallized  baryta  consists  of  1  proportional  of  DaryU  and  20  of  wa- 


»  Thomson  in  his  late  experiment  (uiin.  Phi.  v<.l.  IG,  la20;  makes  the  sprcific  eniTitv  c 
pared  with  atmofpbcric  air  =  2J694,  Oua  would  mak«  Ibe  specific  gimviir  about  34  ' 
that  of  hy4coKca.  '     »   ^ 
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IT ;  if  it  be  expoied  to  air  it  effloresces  iato  a  white  powder,  containing 
fnffOwHonvl  of  baryta  and  5  of  water ;  it  appears  therefore  that 
I  three  hydrates  of  baryta.  {.Xew  Chem,  PAi'/.,  ii.  522.)     The 
nriution,  or  baryta  waier^  m  limpid,  colourless,  and  acts  ener- 
▼egetable  blues  and  yellows,  changing  them  to  green  and 
;  illlfidly  alMorbs  carbonic  aci3,  and  depoi^its  an  insoluble  carbo- 
As  baryta,  like  the  alcalis,  converts  vegetable  blues  to 
as  an  intennede  between  oil  and  water,  it  has  been 
earth.     It  has  a  ver^-  acrid  caustic  taste,  and  is  high- 
It  exists  in  two  natural  combinations  only,  namely,  slu 
carbonate. 
When  baiyta  is  heated  in  oxygen,  or  when  oxygen  is  passed 
heated  to  redness  in  a  glass  tube,  the  gas  is  absorbed  and  a 
mod  11  obtained,  which  is  the  peroxide  of  barium ;  consist - 


VVJ^V^^ 


1  proportional  of  barium     =  70 

2  oxygen    =16 
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€30.  By  dissolving  peroxide  of  barium  in  muriatic  acid,  and  preci- 
pitafting  fay  ffulphuric  acid,  M.  Thenard  succeeded  in  obtaining  a  new 
and  fingnlar  compound  of  oxygen  and  water  to  which  the  term  perox- 
Mr  rf  hydrogen  may  be  applied.  The  solution  of  the  peroxide  of 
faniiBi,  and  the  subsequent  separation  of  the  protoxide  is  repeated 
a  nAcient  number  of  times,  in  the  same  portion  of  dilute  muriatic 
Efcii ;  ralphate  of  silver  is  then  added  to  separate  the  muriatic  acid,  and 
fcwilphnrir,  which  then  becomes  its  substitute,  is  ultimately  removed 
If  ha  J  to.  M.  Thenard,  in  his  elaborate  essay  upon  this  new  com- 
ptMd,  hafl  shown  that  the  process,  although  in  theory  sufficiently  sim- 
fkfpreaents  many  practical  difficulties,  chiefly  arising  from  the  impu- 
liljitt  contained  in  the  peroxide  of  barium.  To  obtain  this  substance 
■■re,  apoD  which  the  success  of  the  subsequent  operations  depends, 
k  gives  the  following  directions.  Prepare  a  very  pure  nitrate  of 
tayl^,  and  decompose  it  by  a  strong  heat  in  a  porcelain  vessel,  by 
vkch  baryta,  containing  a  portion  of  silica  and  alumina,  but  free  from 
■anganeae,  will  be  obtained ;  the  latter  impurity  must  always  be  most 
CMtioQsly  avoided,  for  oxide  of  manganese  possesses  the  property  of 
ipergetically  decomposing  the  oxygenated  water. 

The  baryta,  broken  into  small  pieces,  is  then  introduced  into  a  luted 
ifm  tube  (the  glass  should  not  contain  lead)  large  enough  to  contain 
diOQt  two  pounds  of  it,  and  being  heated  to  dull  redness,  a  current  of 
dry  and  perfectly  pure  oxygen  gas  is  passed  through  it  which  it  rapid- 
h  abaorbs  ;  this  operation  is  to  be  continued  till  the  oxygen  escapes 

ftom  a  mall  tube  inserted  into  the  opposite  extremity  of  the  larger 

one. 
The  peroxide  thus  obtained  is  pale  grey,  and  frequently  some  pieces 

are  speckled  with  green,  which  announces  the  presence  of  manganese, 

aid  which  shoald  be  rejected :  its  distinctive  character  is,  thatitcrum- 

Uei  when  a  few  drops  of  water  are  added  to  it,  witliout  producing 

lieit 
The  process  then  proceeds  as  follows.     Take  a  certain  quantity  of 

vitcr  (about  eight  ounces  for  instance),  and  add  to  it  a  sufficiency  of 

FF 
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pure  and  funiing  muriatic  acid  to  dissolve  about  230  grains 
put  this  acid  liquor  into  a  glass  vessel,  which  during  the  cm 
be  surrounded  by  ice:  then  tal^e  about  185  grains  of  tk 
rub  it  into  a  fine  paste  with  a  little  water  in  an  agate  morl 
it  into  the  acid  liquor  with  a  box-wood  spatula ;  it  soon  di« 
out  effervescence :  to  this  soluticlh  add  pure  sulphuric  s 
drop,  stirring  it  with  a  glass  rod,  till  it  is  in  slight  excess,  whi 
by  the  readiness  with  which  the  sulphate  falls :  then  dissol 
portion  of  the  deutoxide  and  precipitate  as  before,  taking 
enough  but  not  too  much  sulphuric  acid.  The  liquor  i8'n< 
tered,  and  the  residue  washed  with  a  little  water,  so  as  to  ! 
original  measure  by  adding  it  to  the  first  portion  :  a  secoi 
washing  of  the  residue  with  very  small  quantities  of  water 
visable,  and  these  liquors  should  be  kept  apart  for  the 
washing  the  filters  in  subsequent  operations. 

A  fresh  portion  of  the  peroxide  is  then  dissolved  in  the 
quor  and  decomposed  as  before,  filtering  at  every  two  op 
washing  the  filter  with  the  savings  of  the  others.  We  thus 
the  water  is  sufficiently  oxygenated  :  when  about  two  pc 
peroxide  have  been  consumed  the  water  will  be  united  to 
times  its  volume  of  oxygen,  which  is  as  much  as  it  will  n 
some  muriatic  acid  be  added,  in  which  case  M.  Thenard 
retain  125  volumes. 

When  the  water  is  sufficiently  oxygenated,  it  is  retaine 
and  supersaturated  with  the  peroxide  of  barium,  which  oc 
separation  of  flocculi  of  silica  and  alumina,  coloured  witbt 
of  iron  and  of  manganese ;  the  whole  is  then  filtered  as  qui 
sible,  and  returned  into  the  yessel  surrounded  by  ice,  the 
parated  by  sulphuric  acid,  and  pure  sulpliate  of  silver  is  f 
parate  the  muriatic  acid,  upon  which  the  liquid,  before  mill 
suddenly  clear.  The  sulphuric  acid  is  ultimately  separate 
the  liquor  filtered  and  placed  in  a  shallow  vessel,  under  1 
receiver,  containing  a  basin  of  sulphuric  acid ;  the  receivi 
hausted,  the  water  evaporates  and  is  absorbed  by  the  acic 
peroxide  of  hydrogen  being  less  vaporisable  remains ;  if 
Any  oxygen,  which  sometimes  happens  from  its  containing  i 
drop  or  two  of  weak  sulphuric  acid  prevents  its  further  ev( 

The  peroxide  of  hydrogen  thus  concentrated  has  the  foi 
perties  :  its  specific  gravity  is  1.45 ;  it  is  colourless  and  in 
blisters  the  cuticle  of  the  tongue,  and  has  a  peculiar  mctall 
does  not  congeal  when  exposed  to  cold,  unless  diluted.  ] 
decomposed  at  a  heat  below  212^,  and  very  slowly  at  ordii 
ratures  ;  it  may  be  long  kept  at  32^.  It  is  decomposed  by  t 
the  same  phaenomena  as  water.  It  is  decomposed  by  all  m 
iron,  tin,  antimony,  and  tellurium  :  the  metals  should  be  fin 
or  in  powder  :  silver  and  oxide  of  silver  decompose  it  ve 
with  the  evohition  of  heat  and  light :  platinum  and  gold  ] 
same  phenomena ;  lead  and  mercury  slowly  separate  t 
Orpiment  and  powdei'ed  sulphuret  of  molybdenum  act  u 
the  same  violence  as  silver ;  the  peroxides  of  manganese  i 
abo,  occasion  its  instant  decomposition. 

631.  Chloride  of  Barium  may  be  obtained  by  heating  bar 
rise,  in  which  case  oxygen  is  evolved  :  or  more  easily,  b; 
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of  btrjte  in  diluted  muriatic  acid.  By  evaporation,  tabular 
are  olytained,  soluble  io  5  parts  of  water  at  60^  ;  and  consist- 

dry,  of  70  barium  +  36  chlorine  =  106.  Ito  taste  is  pan- 
■cnd ;  when  exposed  to  heat,  the  water  of  crystallization  se- 

~  the  dry  chloride  enters  into  fusion.    It  is  insoluble  in  al- 


CkhrateafBafifta  is  formed  in  the  same  way  as  chlorate  of  po- 
(M6).  It  crystallizes  in  quadrangular  prismf^i  soluble  in  four 
of  water,  at  60^.    It  consists  of 

]  proportional  of  baryta    =78 
1  ■       chloric  acid    «=  76 

154 

Or  of  1  proportional  of  barium  ss  70 
6  — ^— ^—  oxygen  =  48 
1  ■    chlorines  36 

154 

Gaj-Lunac  procured  chloric  acid  (221)  by  the  action  of  sulphuric 
acid  apoD  this  salt 

633.  biide  of  Barium  is  easily  formed  by  acting  upon  baryta  by  hy« 
acid,  and  eyaporating  the  solution.  It  may  afeo  be  formed  by 
baryta  in  hydlriodic  gas ;  water  and  iodide  of  barium  are  the  re- 


r» 


634.  iodaie  of  Baryta  is  a  very  difficultly  soluble  compound ;  the  hy- 
iriwiatf  is  ciystallizable  aftd  very  soluble. 
636.  JVtlrate  of  Baryta  may  be  produced  by  dissolving  the  native 
-  cwbonate  in  nitric  acid,  evaporating  to  dryness,  re-dissolving,  and  crys- 
l  MiiiBg;  it  forms  permanent  octoedral  crvstals.  'Its  taste  is  acrid 
I  ari  artriogent.  It  is  soluble  in  12  parts  of  cold  and  4  of  boiling  wa- 
lls; it  is  decomposed  by  a  bright  red  heat,  furnishing  pure  baryta. 
^  hcoaaistsof 

78  baryta 
54  nitric  acid 

133 

The  crystals  contain  two  proportionals  of  water,  or  132  dry  nitrate 
+ 18  water. 

If  a  moderately  strong  solution  of  the  nitrate  of  barybi  be  added  to 
litiic  add,  a  precipitation  of  nitrate  of  baryta  takes  place,  in  conse- 
^ence  of  the  abstraction  of  water  by  the  acid  ;  hence  in  using  nitrate 
rf  baryta  as  a  test  of  the  presence  of  sulphuric  acid  in  nitric  acid, 
(277)  thektter  should  be  considerably  diluted  previous  to  its  applica- 
tion. 

636.  Sdpkuret  of  Barium  is  a  brown  compound,  which  acts  upon 
viteras  already  described,  producing  hydrosulphuret  of  baryta, 

637.  Hypondpkite  of  Baryta, — This  salt  is  thrown  down  on  pouring^ 
Mriate  oi  baryta  into  a  solution,  not  too  dilute,  of  hyposulphite  of 
^ ',  it  is  a  white  powder  soluble  without  decomposition  in  muriatic 
*nd ;  at  a  low  heat  it  takes  fire  and  the  sulphur  burns  off.    When  the 
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Bohitions  i'romwliich  it  is  precipitated  are  dilute,  it  falls,  after Mmt*. 
minutes,  in  small  crystalline  grains,  followed  by  a  copious  sepantioa 
of  the  salt. — Herschrl,  Edinburgh  JPhilosophiccU  Journal,  i.  20. 

638.  Sulphite  of  Baryta  is  insoluble  in  water,  and  formed  by  addbf 
sulphite  of  potasHa  to  muriate  of  baryta. 

639.  When  sulphurous  acid  gas  is  passed  into  water  holdiag  peroafT 
ide  of  manganese  in  suspension  a  neutral  solution  is  obtained,  compowl 
of  sulphate  and  hyposulphate  of  manganese.  These  salts  are  decoa*  ' 
posed  by  excess  of  baryta,  and  a  soluble  hyposulphate  of  baryta  k 
formed,  through  wliich  carbonic  acid  is  passed,  in  oitier  to  saturate  aaj 
excess  of  baryta ;  and  the  whole  being  heated  to  drive  off  cariKmic 
acid  which  holds  a  little  of  the  carbonate  in  solution,  the  hyposulpliate 
of  baryta  is  obtain ed»  and  may  be  purified  by  crystallizption.  The  lo* 
lutioi)  of  this  salt  may  be  decomposed  by  the  careful  addition  of  sul- 
phuric acid,  and  the  hyposulphuric  acidii  thus  obtained  in  solution. 

This  acid  is  inodorous,  sour,  and  may  be  concentrated  by  ezposun 
^to  a  vacuum  with  sulphuric  acid  :  it  is  decomposed  by  a  heat  beloir 
that  of  boiling  water,  sulphurous  acid  is  disengaged,  and  sulphuric  aoi  '^ 
remains.  It  perfectly  saturates  lutscs,  and  forms  soluble  salts  with 
baryia,  strontia,  lime,  oxide  of  lead,  and  probably  with  all  other  bases. 
(^Annalet  dc  Chim,  et  Phys.  x.  312.)  The  hyposulphate  of  baiytaciy- 
stallizes  in  quadrangulcir  prisms  variously  terminated ;  100  |*arts  of 

water  at  60"  dissolve  about  1 4  parts.     It  consists  of 

• 

1  proportional  of  baryta =  78 

1 hyposulphuric  acid        =  72 

2 water  9  X  2 =  18 

168 

Or  il  may  be  stated  as  rontiiining  in  its  dry  state 

I  baryta =  78 

11  II  •  I    O  sulphuric  acid     =  40 

llvposulphunc  acid   J  -       i  •  •  i       «^ 

•"^       '^  ^1   sulphurous  acid  =  32 

150 

640.  Sulphate  of  Baryta  is  an  abundant  natural  product ;  it  is  insoluble 
and  therefore  produced  whenever  sulphuric  acid  or  a  soluble  sulphate, 
is  addtid  to  any  soluble  salt  of  baryta  ;  hence  the  solutions  of  baryta  sie 
accurate  tests  of  the  presence  of  sulphuric  acid.  Sulphate  of  barjfta 
consists  of  one  proportioned  of  sulphuric  acid  and  one  of  baryta. 

40  sulphuric  acid 

78  baryta  , 

118 

041.  J^'ative  Sulphate  of  Banjta^  Heavy  Spar,  or  Baroselenite^  is  prin  - 
f:ipally  found  in  the  mines  of 'Westmorland  and  Cumberland,  and  in 
Trnnsvlyaiiia,  Hunpry,  Snxony,  and  Hanover.     A  variety  met  with  ir» 
Derbyshire,  is  callcMJ  c«w*:.     ft  occurs  massive,  and  crystallized  in  £» 
great  variety  of  forms.     Its  primitive  figure  is  a  rhomboidal  prism,  tifc  ^ 
angles  of  which  are  101*>  4*2',  and  78*  18'.     It  is  harder  than  rarhc-  - 
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ule  of  lime,  but  not  so  hard  as  flaate  of  lime.     Its  specific  gravity 
b4.7. 

When  native  sulphate  of  baryta  is  heated  it  decrepitateR  aod  at  a  high 
tenpeniiire  fuses  ioto  an  opaque  white  enamel :  it  was  employed  in 
the  mun&cture  o{  jasper  ware  by  the  late  Mr.  Wedgwood.  When 
fKMed  into  a  thin  cake  with  paste,  and  heated  to  redness,  it  acquires 
tte  Mpertj  of  phosphorescence.  This  was  first  ascertained  by  Vin- 
loCascariolo,  of  bologna,  whence  the  term  Bologna  phosphorus  is 
"  1  Id  it.  (186).  The  artificial  sulphate  of  baryta  is  used  as  a 
it,  under  the  name  of  pertnanent  white.  It  is  very  useful  for 
pliials  and  jars  in  a  laboratory.  Sulphate  of  baryta  is  sparing- 
ly tolable  in  sulphuric  acid. 

642.  As  the  native  sulphate  is  a  common  and  abundant  compound, 
tevend  processes  have  been  contrived  for  obtsiining  from  it  pure  bary- 
ta.   This  may  be  efiectcd  by  reducing  the  crysUillized  sulphaite  to  a 
iM  powder,  and  heating  it  red  hot  for  half  an  hour  in  a  silver  crucible 
witti  three  parts  of  carbonate  of  potassa  :  the  fused  mass  is  then  boiled 
•  Rfeatedly  in  water,  till  it  no  longer  affords  any  thing  soluble  in  that 
ii|ud  ;  the  insoluble  residue,  consisting  chiefly  of  carbonate  of  baryta, 
■ay  be  digested  in  dilute  nitric  acid,  by  which  nitrate  of  baryta  is 
fniBed,  and  which  will  yield  the  pure  earth  by  exposure  to  heat  a? 
above-mentioned.  (635). 

AaoCher  method  consists  in  exposing  to  a  red  heat,  in  an  earthen 
crodble,  a  mixture  of  six  parts  of  finely  powdered  sulphate  of  baryta, 
with  one  of  powdered  charcoal,  for  half  an  hour.  This  converts  the 
■Iphate  into  sulphuret  of  baryta,  which  is  to  be  dissolved  in  hot  water, 
-  Ike  solution  filtered  and  mixed  with  solution  of  carbonate  of  soda  iis 
kag  as  it  occasions  a  precipitate,  which  when  washed  and  dried,  i^ 
cubonate  of  baryta.  Or,  by  adding  muriatic  acid  to  the  liquid  sulphu- 
Rt,  sulphur  is  thrown  down  and  sulphuretted  hydrogen  evolved,  and 
mriate  of  baryta  formed,  which  may  be  filtered  off,  and  if  required, 
^composed  by  carbonate  of  potassa.  Or  the  sulphuret,  as  it  comes 
Mt  of  the  crucible,  may  be  thrown  into  dilute  nitric  acid,  by  which 
Eolphuretted  hydrogen  is  evolved,  and  a  nitrate  of  baryta  formed,  which 
■ly  be  separated  from  the  remmning  impurities  by  copious  washings 
widi  hot  water. 

643.  Phospkuret  of  Barium  is  produced  by  passing  phosphorus  over 
kflted  baryta  ;  there  is  an  intense  action  and  a  phosphuret  of  a  mctillir 
hstre  is  obtiined,  which  acts  upon  water,  and  affords  a  solution  con- 
tnuDg  HypopkoMphite  of  Baryta. — See  Chap.  1V\,  Sect.  iv. 

644.  Hypnphosphile  of  Baryta,  like  the  other  hypophosphites,  la 
TcrjMlublc  and  scarcely  crystal lizable. 

645.  Phosphite  of  Baryta  was  ubtaiiied  by  Berzolius  by  adding  niu- 
riale  of  baryta  to  phosphite  of  lunmonia  ;  a  crust  of  phosphite  of  ba- 
ryta vra«  formpd  in  24  hours,  consisting  of 

Phosphorous  acid  24.31 

Baryta C7.24 

Water 8.45 

Ann.  de  Chiin.  et  Phifs..  ii.  231. 


I 


1 


2Uri  STRONTIUM. 

646.  Phosphate  of  Baryta  consists  of 

28     phosphoric  acid 
78     baryu 

106 

It  is  insoluble  in  water ;  and,  therefore,  formed  by  adding  a  solatioa 
of  phosphoric  acid  or  phosphate  of  soda  to  nitrate  or  mariate  of  ba- 
ryta. 

Borzelius  has  described  a  crystallizable  Bi-phoiphaie  of  Boryte, 
ubtaincd  by  digesting  the  phosphate  in  phosphoric  acid  ;  and  a  Snf» 
phosphate,  obtained  by  pouring  the  bi-phosphate  into  alcohol,  which 
occasions  a  precipitate  of  a  white  tasteless  powder,  composed  of  1  pn^ 
portional  of  baryta  +  1.5  proportional  of  acid. 

647.  Carbonate  of  Baryta  is  found  native.  Artificially  produced,  k 
is  a  white  compound  insoluble  in  water,  containing 

22  carbonic  acid 
78  baryta 

100 
It  is  poisonous. 

648.  Native  Carbonate  of  Baryta  was  first  discovered  at  Ai^mikt 
In  Lancashire,  by  Dr.  Withering,  and  hence  acquired  the  name  of  VSA- 
erite.  It  has  also  been  found  in  Wales,  Cumberland,  DurfaaiBt  Weal- 
morland,  aAd  Shropshire.  Its  primitive  crystal  is  an  obtuse  rhonlMidi 
sometimes  it  forms  pyramidal  six-sided  prisms.  That  found  in  Lnci- 
shire  is  in  globular  masses  of  a  radiated  structure.  It  is  naefillait 
source  of  pure  baryta  and  its  salts,  and  though  not  soluble  in  water,  ii 
poisonous.  It  dissolves  very  sparingly  in  solution  of  carbonic  waif 
whence  the  superiority  of  baryta  water  to  lime  water  in  some  cases ■ 
:>  test  of  carbonic  acid.  The  native  carbonate  of  baryta  is  much  mors 
difficult  of  decomposition  by  heat  than  the  artificial ;  if  mixed  with  a 
little  charcoal  powder,  and  kept  for  some  time  in  a  red  heat,  carbonic 
oxide  esrapcs,  and  pure  baryta  is  formed. 

649.  Borate  of  Baryta  is  an  insoluble  white  powder. 

G50.  The  soluble  barytic  salts  furnish  white  precipitates  of  carbonate 
and  sulphate  of  baryta,  upon  the  addition  of  carbonate  or  sulphate  of 
soda.  They  give  a  yellow  tinge  to  the  flame  of  spirit  of  wine.  The 
sulphate  is  insoluble  in  nitric  acid  and  in  the  alcalis,  and  very  spari^ 
ly  soluble  in  sulphuric  acid. 

Nearly  all  the  barytic  compounds  are  poisonous  ;  the  safest  antidote 
U  solution  of  sulphate  of  soda,  or  dilute  sulphuric  acid.  (OnriLi, 
Traits  des  Poisons,  Tom.  i.  2me.  p.  167.)  The  muriate  of  baiyla 
hris  been  employed  in  medicine,  but  the  principal  use  of  baryta  is  in 
the  chemical  laboratory.  It  is  possible  that  pure  baryta  might  be  eco- 
nomically used  for  the  decomposition  of  sulphate  of  soda,  to  obtain  tbf 
]»iire  alcali. 


Section  VI.     Strontium. 

ijol.  This  metal  is  procured  from  the  earth  strontia  by  the  wmf* 
process  as  barium,  which  metal  it  resembles  in  appearance. 


■he  pure  oilraie  ;  it  m  ot  ■  fftj  eulaai  wad  ray  fflSffaH  of 
len  free  ftom  iiMet  I  it  tumt  ■  ptihtrmlnt,  ind  •  cnMolKmf 
" Hiof 


B  tka  n^ihata,  lor 
iFMIialto  GOlipDa  with  40  futi  of  n^koric  add,  eoatBon^ 
i^flHl  M  mjmt ;  Whm  8,  or  oM  thM  of  the  oamen  «■!• 
acid.  Mrt  £•  oMrtuMd  k  «>  1mm  (MT),  aad  AS  —  a  ^ 
w^wtiy  rfi»tBliDthBpiilDriae,»atfcii|iiiiii<^li 


HMMten  «r  60>,  S  |Wti  of  wilar  diuilM  3  of  tke  CT7I. 

ifalMtk  nqnm  aboot  IM  of  witer  lA  60«  iv  ito  nlUiw. 
la^tiMipMfde»l>ttriwiiitgw*aitiy<riiiBMhw, 
hfcHrtifc^  acrid. 

IKr«M  Md  AfMlMMk^This  eonpoma  wfckb  kai  dM  ban 
HaU  of  StroKtia,  'a  comDO^  pracared  by  duMlring  csrbo- 
rantia  in  mariatic  add.  It  ciTstalUzes  in  slender  six-sided 
htUeio  twice  their  weight  of  water,  at  60°.  When  chlorine 
•ct  npon  Btrontia,itis  absorbed,  and  oxygen  evolved  :  the 
Mmponnd  contains 


a  my  colour.  It  disaolvea  in  alcohol,  and  the  lolation  bum? 
ZTaeH;oloured  flame. 

Uonite  o^  Strontia  is  a  very  solnble  and  deliquescent  salt,  dif- 
[jabdlizablc,  and  detonates  when  tbrown  upon  red-hot  coals 
aotifbl  parple  bgfat. 

^Ue  of  Strontium  tnay  be  formed  aa  io£de  of  barinm.  Dis- 
inter, and  carefully  eraporated,  it  fnmishee  delicate  pria- 
itala  otHydriodate  of  Strontia,  which,  heated  in  close  vcssclf> 
bocmnes  iodide  ofstroDtium  by  loss  of  water. 
i^le  of  Strontia  is  a  very  difficultly  soluble  compound  ;  it  i« 
rt  a  red  heat  into  ozygcu,  iodine,  and  strontia. 
itrotc  of  Strontia,  crystallizes  in  octoedra  and  dodecaedrn  ;  it 
m  its  waight  of  water  at  60".     It  consistfl  of 

58    strontia 

64    nitric  acid 

106 
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lu  tusle  i^  pungent  and  cooling.  At  a  red  heat  the  acid  u 
and  partly  decomposed,  and  strontia  remains. 

This  salt  is  used  in  the  red  firt  employed  at  the  theatre 
consists  of  40  parts  of  dry  nitrate  of  strontia,  13  of  powdered 
b  of  chlorate  of  potassa,  and  4  of  sulphuret  of  antimony.  The 
and  sulphuret  should  t>e  separately  powdered,  and  mixed  to^ 
paper  with  the  other  ingredients  ;  a  very  small  quantity  of  p 
charcoal  may  also  be  added. 

668.  Sulphuret  of  Strontium  may  be  formed  by  fusing  str 
sulphur  in  a  green  glass  tube  ;  or  by  exposing  the  powdered 
to  a  red  heat  with  charcoal.  It  dissolves  in  water  with  the  la 
nomena  as  sulphuret  of  potassa,  and  its  solution  famishes^  by 
evaporation,  crystals  of  hydrontlphuret  of  stroniia. 

659.  Hypondphite  of  Strontia  is  formed  by  passing  snipho] 
into  the  liquid  sulphuret :  it  crystallizes  in  rhomboids  pern 
common  temperatures  and  soluble  in  about  5  parts  of  watei 
(Gay-Lvssac,  Annales  de  Chimie^  Ixxxv.)  According  to  Mr.  I: 
this  salt  is  doubly  refractive.  Its  taste  is  bitter,  and  it  is  ins 
alcohol. 

660.  Sfdpkite  of  Strontia  has  not  been  examined. 

661.  Sulphate  of  Strontia  occurs  native.  It  is  nearly  insc 
part  requiring  4000  of  water  for  its  solution.  When  heated  w 
coal,  its  acid  is  decomposed,  and  sulphuret  of  strontia  is  forme 
affords  nitrate  by  the  action  of  nitric  acid.  This  process,  eqin 
ticable  upon  sulphate  of  baryta  (642),  is  sometimes  adopted 
the  earth.  Sulphate  of  strontia  dissolves  in  hot  sulphuric  id 
thrown  down  upon  adding  water.     It  consists  of 

52    strontia 
40    acid 

92 

662.  The  Native  Sulphate  of  Strontia  is  sometimes  of  a  blue 
has  hence  been  called  celestine.  Sometimes  it  is  colourless  ai 
parent.  Its  primitive  form  is  a  prism  of  104*^  48'  and  75^  4 
rhomboidal  basis.  It  has  been  found  ab  Strontian  in  Argyles 
the  vicinity  of  Bristol ;  and  at  Montmartre  near  Paris.  TI 
crystallized  specimens  are  accompanied  with  native  sulphur,  fi 
ly.     Its  specific  gravity  is  3.2. 

663.  Hypophosphite  of  Strontia  has  been  examined  by  Duloi 
a  very  soluble  and  difficultly  cryst'dlizable  salt. 

661.  Phosphite  of  Strontia  has  not  been  examined. 

665.  Phosphate  of  Strontia  is  an  insoluble  white  salt,  contain 

52  strontia 

28  acid 

80 

It  is  soluble  in  exccbs  of  phosphoric  acid,  which  is  not  the  c 

ghosphate  of  baryta.     It  is  entirely  decomposed  by  sulphm 
y  igniting  it  with  chviTcoal,  phosphuret  of  strontium  is  obtained 
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(>66.  CarbtmaU  of  SirofUia  ewts  native.     Artificially  formed,  it  is  a 
white  ioftoluble  body,  containing 

52  strontia 

22  carbonic  acid 

74 

ttronglj  heated  with  a  little  charcoal  powder,  it  is  decompos- 
■ic  oxide  a  given  off,  and  pure  strontia  remains. 
M7»  AtfCroe  Carbonate  of  Strontia  or  Strontianite  is  a  rare  mineral.     It 
seeish  tint,  and  occurs  in  r^iated  masses,  and  sometimes  iq 
and  heiaedral  crystals.     It  was  tirst  discovered  in  1787  at 
in  Az^leshire,  whence  the  name  of  this  earth  ;  it  has  also 
firand  in  Saxony  and  in  Peru.     Its  specific  gravity  is  3.6. 
This  rabstance  was  first  examined,  and  the  peculiarities  of  strontia 
|ulied  out,  by  Professor  Hope  of  Edinburgh,  in  1791.     Uis  experi- 
Wnti  ar^  detailed  in  the  Philosophical  Transactions  of  the  Royal  Society 
^Edimbmrgh^  Vol.  iv.  p.  44. 

668.  Borate  of  Strontia  was  formed  by  Dr.  Hope.     It  is  a  white  pow- 
fcr  Miliible  in  1 30  parts  of  water. 

669.  There  is  in  many  respects  a  resemblance  between  strontia  and 
hnti  which  has  led  to  confusion  in  analysis. 

The  feDowing  are  some  of  the  most  striking  points  of  resemblance. 
Thay  are  both  foand  native  in  the  states  of  sulphate  and  carbonate  only  ; 
hlh  ralphates  are  soluble  in  excess  of  sulphuric  acid,  and  nearly  inso- 
hble  in  water  ;  they  are  decomposable  by  similar  means,  as  well  as 
&e  native  carbonates :  they  are  both  crystallizable  from  their  hot 
Ifoeous  solutions,  and  both  attract  carbonic  acid.  The  carbonates  are 
each  soluble  with  effervescence  in  most  of  the  acids  ;  but  the  native 
twbonates  are  not  so  easily  acted  on  as  the  artificiul.  Pure  ammonia 
precipitates  neither  one  nor  the  other. 

The  following  are  essential  distinctions.  Baryta  and  all  its  salts,  ox- 
cqit  the  sulphate,  are  poisonous.  The  corresponding  strontitic  salts 
at  innocent.  Baryta  tinges  flame  yellow ;  strontia,  red.  Strontia  has 
-kM  attraction  ibr  acids  than  baryta  ;  hence  the  strontitic  salts  are  do- 
coBipocied  by  bar^'ta.  The  greater  number  of  the  barytic  salts  are  less 
Mlable  than  thot^e  of  strontia,  and  they  differ  in  their  respective  form« 
and  solubilities.  Pure  baryta  is  ten  times  more  soluble  in  wutor  th:)n 
pure  !«trontia. 


Sf.ctiox  VII.     Muffnesium, 

070.  The  metallic  base  of  mngnesia  has  not  hitherto  been  obtalnoii . 

Itat,  when  that  earth  i«  negatively  electrized  with  mercury,  the  rO'*ultiiij; 

compound  decomposes  water,  and  jrive-*  rise  to  the  foni>ation  of  mm;  ■ 

Mna.    From  the  properties  of  the  amalgam  it  appears  that  it  is  a  ^^  hiu* 

««lid  metal  heavier  than  water,  and  highly  attractive  of  oxygen. 

f»7l.  Magnesia  or  Oxide  of  Magnesium  is  courluded,  from  in.lirect 
''M":ninen1'«,  to  consist  of  ^l?  metal  +  3  oxvj;«'ii  :  its  n  i»re**ntJttive 


Its  ti»le  h  puaseiit  aai  coiiGag.     Ai  ■  mil  \ 
tind  partly  ilecoiaiKued,  anil  sIrortlU  mnun 

This  •mlt  is  used  in  the  rtd  fin  i*fflpb 
consitU  of  40  parU  of  dry  mlriite  a{  *l 
It  (if  chlorute  of  poliusn,  auU  I  ofAiilpbifi 
Hud  ■iiilphiiret  should  Im  aeparalely  p 
|iap«r  with  the  other  ingrtidienb  :  i\ 
cliarcoiil  luay  also  he  added. 

B68.  Svlirkurel  fif  Stronliuni   in.', 
Bolphur  in  a  greeu  iclasi  tabe  ;  <j< 
to  a  red  heat  with  charcoal,     it  <>. 
flomeiia  as  iulpharet  of  potafl-^. 
evappration,  crystals  of  Ayifn"" 

659.  Hi/poiulphitr  nf  Sfr-- 
into  the  litjiiid  sulplii;"  ■ 
noimnon  tcmperalm 
(Gav-Los?ai,  Jrifld  , 
this  salt  is  douttljr  r<  : 
alcohol. 

660.  SHlpkiiettf  S' 
tie  I.  Sulphait  bJ 

part  rei|iiiriiie40«< 
coal,  its  Hciai'  •*<' 
afTordB nitruti-  f»s 
ticable  upon  inlj 
the  earth.  Sulj'. 
throWQ  downnp'! 


SIO  _jai:-.-rx  0*  jiAo:»EsiA. 


*  fslphate  of  soda ;  the  fraud 

-•itj*   I   3»  xvcipitate,  occasioned  by  ad 
^    a^^t  jonp  crystallized  sulphate  of  m 
~  "^  :  40  parts  of  dry  carbouate. 

;;  'f  Magnesia  may  be  obtained 
n»?ai4  with  solution  of  sulphate 
,oi  I  uiio  a  iiotution  of  the  bu]phat« 
miif  of  the  magnesia  is  thrown  dc 
sulphate  of  ammonia  this  triple  sa 

.•c  9;i{ph-(ite  of  magnesia 
.^i  s^ilphate  of  ammonia 

''A' 

.t  Chithie,  vi. 


•#'  F-Jtassa  ami  Magnesia  forms  ri:omboi( 
iiibie  than  nulphate  of  potassa,  and  of  a  bi 
:  ..■^^^f>t'it'  Alagnesian  not  examined. 
..  ^^-i^.'fvri  It'  of  Magnesia,  not  examined. 
^,     w.>  i*t^  if  Mai^nesia^  not  examined. 

"tmatifn^it  of  Magnesia  is  formed  by  adding  the  < 

.^>^   *  .MHwphoric  acid.     It  is  insoluble.     According  t 

.^^    i    .»iioi^phate  of  magnesia  may  be  obtained  by 

^ ^  Hfiunun»  of  phosphate   of  soda  and  sulphate  c 

Nt.     .>.'M»;»i.'«t4i<ir  crystallizes  in  irregular  six-tjided  prism 
^  >  ••  njier  at  60®,  and  efflorescent. 

tH4Hottio'PhospJiate  of  Magnesia  is  formed  by  mix 

'uii^phatc  of  ammonia,  and  phosphate  of  magnesi 

^^.-^   .  iLio  form  of  a  white  crystalline  powder,  or  in  sma 

X,  .-^  .i?U'loss,  and  scarcely  boluble  in  water,  but  readi 

.,   Liui-i:itic  acid.     Exposed  to  a  high  temperature  it  fa 

.  oU  cs  ammonia,  and  fuses  with  ditiiculty.     Accord 

vMiiain?*  equal  weights  of  pho9]ihate  of  ammmoni: 

*^  icMa,  and  water. 

,'  ^iKUTito  magnesia  from  other  cailhs.  Dr.  Wollaston 

..    ,     -i  vnualion  of  this  triple  phospiiale.     A  mixture, 

;,^  HI  J  ii»a«;nesia  may  be  dissolved  in  muriatic  acid  ;  ai 

,  .  ..  ■»!  iii-i'arbona(e  of  ammonia,  the  lime  i*  thrown 

^,..    ,     ■.M-Uon:itc,  but  the  magnesia  is  retained  by  the  ey 

v^.      v^*'-     tdter  and  add  a  saturated  solution  of  phospl 

^^  ..  .  ^:iv»it  time  the  ammonio-magne^iau  phosphate  fal 

"^*  %  *ihu*h  are  equivalent  to  about  20  of  magnesia. 

«.i    »M|«ii'*»»*  this  process,  however,  I  have  never  been  « 

*o*..   <K  *I^*>lo  of  the  magnesia,  a  portion  being  under  all 

\^  %v^»H>i  lu  solution. 

5c^  ^.ir-x-M*!**  of  Magiiesia  is  generally  procured  by  at 
^«a»  t«idMsk  tv«  a  solution  of  sulphate  of  magnesiii.     It  is  a 
!Lk  ^  '.ii:H?lable  powder,  which  loses  its  acid  at  u  red  h( 
*»u<*  'i^ttfv  '  calciued)  maignesia.     It  contains 

20    magnesia 
22     carbonic  acid 


BORATfc  OF  MAGl^ESIl.  S12 

^IR  CarboMte  of  magnesia  was  first  nsed  in  medicine  early  in  the 
lifcainy*  Itis  often  obtained  from  sea-water,  after  the  separation  of 
IbcHBOD  sdt  It  has  been  found  native  in  Piedmont  and  Moravia, 
the  mineral  called  magnesia.  It  has  also  been  found  at 
^PUci  in  veioa  in  a  serpentine  rock,  accompanying  the  native  by- 
^%ift(672).  It  is  generally  white  and  friable,  and  in  some  places  iu 
hittnfarcmtals. 

.■MIl  KrcarboMie  of  Magnesia, — Carbonate  of  maghlesia  is  soluble  in 
HM  if  carbonic  acid,  and  this  solution  afifords  efflorescent  crystals  of 
liarkitft  containing 

20    magnesia 
44    carbonic  acid 

64 
TkinolotioB  of  magnesia,  in  excess  of  carbonic  acid,  is  very  useful 
I  JlMMcilciiloos  complaints. 

I V4N.  Bmk  of  Magnesia  may  be  formed  artificially.  It  occurs  na- 
'^MinHMral  called  boracite^  hitherto  only  found  in  the  duchy  of 
ImmMi^  Its  primitive  form  is  the  cube,  but  the  edges  ahd  angles 
lR||Mnl))r replaced  by  secondary  planes,  and  four  of  the  angles  arc 
•tap  wred  to  present  a  greater  number  of  facets  than  the  other 
:  IkiKcrfstals  become  electric  by  heat ;  the  most  complex  angles 
imdered  positive,  and  the  simplest  negative.     It  sometimes  con- 

Tbe  salts  of  magnesia  are  for  the  greater  part  soluble  in  water, 
^^^ precipitates  of  magnesia,  and  of  carbonate  of  nuigiiesia,  upon 
■Km  of  pure  soda,  and  of  carbonate  of  soda.  Phosphate  of  sfoda 
I  DO  immediate  precipitate  when  added  to  a  mnj^ucsian  salt,  but 
of  ammonia  causes  a  white  precipitate  of  the  tripplc  am- 
uian  phosphate. 
Tbe  fossils  which  contain  magnesia  are  generally  sod  and  appa- 
QDctaous  to  the  touch ;  they  have  seldom  either  lustre  or 
WBCy,  and  are  generally  more  or  less  of  a  green  colour.  Siea- 
V  napstont^  talc^  and  asbestos  may  be  taken  as  instances.  The 
mku  also  contains  more  than  half  its  weight  of  magnesia.  The 
Mm  called  bitter  spar,  of  which  tlic  tincst  specimens  come  from 
bTjrol,  contains  43  per  cent,  carbonate  of  magnesia,  52  carbonate  of 
■i^ lad  a  little  iron  and  manganese.  Its  primitive  crystal  is  a  rhoni- 
M  nearly  allied  to  that  of  carbonate  of  lime  ;  its  angles  being  10(7^' 
»i  nd  73'  80'.  It  is  of  a  yellowish  colour,  and  a  pearly  lu^^trc  ; 
■i-tiaiisparent  and  brittle.  A  variety  found  at  Miemo  in  Tuscany. 
■  keo  called  Miemite.  The  species  of  marble,  termed  Dolomite. 
^  in  the  Alps,  and  in  Icolmkill  in  Scotland,  contains  also  a  large 
■Miky,  generally  40  per  cent,  of  carbonate  of  magnesia.  The  same 
9ksa^  of  the  magnesian  limestone  of  Derby  and  Nottingham  :  it  i^ 
■ttiDjof  a  yellowish  colour,  and  less  rapidly  soluble  in  dilute  mu- 
■ticacid,  than  the  purer  limestones,  whence  the  French  have  tenn- 
itflknu  carbonaiie  lenie.  The  lime  which  it  affords  is  much  cstecm- 
ircements,  but  for  agricultural  purposes  it  is  often  mischievous,  in 
■eipience  of  its  remaining  caustic  for  a  very  long  time,  and  thus  iii- 
^  tbe  young  plant.  j 

•99.  The  separation  of  niagnesia  and  lime  is  a  problem  of  some  im-  i 

rtmce  in  an^dytical  chemistry,  as  they  often  exist  together  in  the 
ne  mineral,  more  especially  in  tbe  varieties  of  magncsiau  limestone. 


EH  ^NGAIIB4C  AND  OXTOEIT. 

When  solutiofii  of  carbonate  of  ammonia  if  added  t*  the  m 
lime  and  magnesia  in  nitric  or  muriatic  acids,  carbonat 
and  the  magnesia  is  retained  in  solution  and  may  be  sep 
ing :  this  method,  however  simple,  is  not  susceptible  o 
cy,  lor  a  portion  of  carbonate  of  time  will  always  be 
with  the  magnesia  in  solution,  and  a  triple  ammoniaco 
is  also  formed.  Mr.  R.  Phillips  {Quarterly  Journtd^  vi. 
the  following  process :  ''To  the  muriatic  or  nitric  solul 
magnesia,  add  sulphate  of  ammonia  in  sufficient  quant 
the  mixture  gradually  to  dryness,  and  then  heat  it  tc 
ceases  to  lose  we^ht  by  the  volatilization  of  the  moria 
ammonia  formed :  note  the  weight  of  the  mixed  salt,  re 
der  and  wash  it  with  a  saturated  solution  of  sulphate  of 
sulphate  of  magnesia  appears  to  be  dissolved  ;  dry  the  s 
left,  and  hy  deducting  its  weight  from  thnt  of  the  mixei 
ifuantity  of  sulphate  of  magnesia  dissolved  will  appear," 
ed  trials  of  the  various  modes  of  separating  lime  and  i 
induced  to  consider  the  following  as  least  defective.  T( 
lutioD  of  lime  and  magnesia  add  oxalate  of  ammonia  sli^ 
iect  the  precipitate,  wash  and  dry  it.  65  parts  indici 
If  nitric  or  muriatic  acid  were  used  for  solution,  the  m: 
terwards  be  obtained  by  evaporation  and  heating  the  res: 
in  a  platinum  crucible  till  it  ceases  to  lose  weight.  If 
were  the  solvent,  the  same  operation  affords  dry  sulph; 
of  which  60  p:u'ti  are  equivalent  to  20  magnesia. 


Skctiox  VIII.     Munsanesc, 


o 


700.  The  common  ore  of  manganese  iii  the  black  or  p 
Is  found  native  in  great  abundance. 

The  metal  may  be  procured  by  exposing  the  protox 
charcoal,  to  an  intense  heat.  It  is  of  a  bluish  white  col 
tie,  and  difhcult  effusion.  When  exposed  to  air,  it  bee 
Its  specific  gravity  is  8. 

701.  Afanganese  atid  Oxygen. — There  are  three  dei 
manganese.  The  protoxide  may  be  obtained  by  disresl 
black  oxide  in  muriatic  acid.  Chlorine  is  abundtrntly  ei 
hydrogen  of  Uie  muriatic  acid  unites  with  part  of  i 
the  oxide  to  produce  water.  The  metal  thus  part 
is  dissolved  by  the  remaining  muriatic  acid,  forming 
manganese.  Iron  is  almost  always  present,  which,  as 
has  shown,  may  be  easily  separated  by  neutralizing  the 
tion  with  ammonia.  The  oxide  of  iron  is  direcUy  preci] 
ide  of  manganese  remains  in  solution  and  may  be  separa 
ammonia*.     The  solutions  of  protoxide  of  manganese 


*  On  the  tepamtionof  iron  (rom  mtngtaeie,  lec  Qutirterl}/  J<mmai  ofS 


rEIU>UI>E   OF   MANGANESE.  21  £ 

1^  #i^.^*^^i  alcalis,  which  is  a  hydrated  oxide  of  manganese ^  and 


^^  dt^^  ^i    in  close  vessels,  acquires  an  olive  colour,  and  is  the 
^   S^^l^^^^^d  to  moist  air,  it  passes  into  the  state  of  deutoxide 

^tW*El>  ^^aroxide  of  manganese  is  heated  red-hot  till  it  ceases 

!1  ^^*  ^^    ^sirk  reddish-hrown  deutoxide  of  manganese  remains, 

j^iMBft  ^^^^  upon  by  sulphuric  acid,  is,  according  to  Gay-Lus- 

-fffjlii^  ^^^t^)  protoxide  and  peroxide.     Exposed  to  moist  air  it 

I  ffC]?^^  and  is  partly  re-converted  into  peroxide.     The  deu- 

iiWB^^^HaUy  obtained  pure,  by  triturating  peroxide  ai  manga- 

'votoftV^'^der  with  superoxaiatc  of  potassa  and  water:  a  pink 

jBiBa'tt<^"^iied,irom  which  ammonia  throws  down  the  deutoxide. 

•1K5.  "^  ^tTQxide  of  Manganese  is  black ;   it  is  not  soluble  ia 

III ;  aid  ibounds  as  a  natural  product. 

X«^  *  woxtde  of  Manganese  is  found  in  Devonshire,  Somerset- 

iie,  ibA  Aberdeenshire,  and  occurs  compact,  and  crystallized.     The 

vyrtaOoed  farieties  have  a  grey  metallic  lustre,  and  are  found  acicu- 

W^  n&tod,  and  in  rhomboidal  prisms.     It  is  generally  blended  with 

irfpWerfbMyta. 

'^'  It  ijipears  probable  that  these  are  the  only  definite  oxides;  of 
iwnfeift  Their  composition  is  variously  stated  by  various  che- 
2»  y  Meording  to  the  analysis  of  Berzelius  {Annales  de  Chimie^ 
^^^ni*)  (fcey  are  composed  as  follows  : 

Pratoude.  Peutozid«.  V^miit, 

'         -Yanganese    100.  100.  100. 

Qiygen  28.1  42.16  56.2 

'niB  which  it  appears  that  the  proportions  of  oxygen  to  each  other, 
•t  as  1.,  1.5,  and  2 ;  and  28.1  :  100  :  :  8  :  28.4,  as  the  rp])rcsenta- 
*>*  number  of  manganese.  Dr.  Davy's  analysis  of  the  chloride  of 
^qganese  ('''07)  which  was  made  in  an  unexceptionable  way,  gives 
^oomb^r  28.6.  As  further  experimental  evidence  is  wanting,  we 
M  not  be  far  from  the  truth  in  assuming  *28.0  as  the  equivalent  of 
ugmese,  and  the  three  oxides  will  then  consist  of 

ProtoxlJo.  Deutozide.  P«roiii!e, 


?,  1  proporl.    28.0  28.0  28.0 

Oky^cn ...  1 «  1.5  propl.         12.  2  propl,      16. 

36  40  44 

705.  When  equal  parts  of  black  oxide  of  manganese  and  nitre  are 
liCed,  a  compound  results  which  has  been  called  cameleon  jtiincral^in 
Bseqaence  of  the  changes  of  colour  which  its  aqueous  solution  ex- 
nts.  M.  M.  Chevillot  and  Edwards  have  ascertained,  that  in  this 
mpound  the  black  oxide  of  manganese  has  absorbed  an  additional 
*oportion  of  oxygen  and  acquired  the  propeily  of  forming  a  neutral 
ttngOMtsate  of  potasta,  which  exists  in  the  red  cameleon,  and  may  be 
ytaioed  in  crystals.  When  there  is  excess  of  alcali,  the  cameleon  is 
"ceDd — Annates  de  Ckimie  et  Phynque,  Tom.  iv. 


•  Tbonson  in  bij  late  j»pcr  (Ann.  Phil.  vol.  17,  for  April  1C21),  finds  by  cxrcrJntnt  l\w 

*pOHtion  ol'  sulp^to  ot'  inangancse 

•Sulpiiuric  acid B.   )  which  when '.\ir.  nUuuoi' i     4:) 

Frotox.  oiang 4.5  >  h)dnM:i-ii  =  l  icivcs        (     ^'»;  ii9\v 

'^^v^tia;  1  «lon  oxygvusB,  Uares  88  for  xnaiii^aiieafi  which  will  be  adopted  here. 


OF    «AXGA.\LSL. 

.,.    .i^ r-^:Aze  AM  Jkuirime. — Bj  bmniiis  the  meUd  in 

*x*Ksuc  wirace  oi'  Baiifane«e  to  a  strong  heat,  a  |i 
^.ir^«L   stf~"  Towance  is  obtained,  which,  when  dissolr 
^r.    r^unft.':?'  k  annate  ot'  manganese. 

~".  '.     Hr-^a  »f  mHanganese  may  also  easily  be  ibnned  b 

^^«^    I  j£  3iack  oxide  with  muriate  of  ammonia  in  a  cnii 

-«.-i  -L-%  ^»  m^i  in  water  and  filtering.     If  this  solution  be  e\ 

i  .^^Dfese  Old  liued  oat  of  the  contact  of  air,  the  crystallizec 

•i.     Heated  in  contact  of  air,  it  is  decomposed,  aoc 

_  In  this  decomposition  it  is  a  question  wl 

:iAA»niM  ^  expelled  by  the  superior  attraction  of  the  oxygen 

,2itfc$c  .   }r  wbecher  the  moisture  in  the  air,  or  m  the  compo 

»   -Hiceraed  in  the  change.     This  chloride  con«i«tii,  acconli 

J»%T    FHu.  Trans.  1812,  p.  184)  of 

54  chlorine 
46  mang»nesG 

100* 

>f  -'nir  It  may  be  roganled  as  a  compound  of 

1  proportional  manganese     20 
1  chlorine        30 
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••>\  Chlorate  of  Manganese  has  not  been  examined,  norb 
^im  ?f  iodine  or  of  its  acids  upon  this  metnl  been  investig}*te« 

TO?.  Nitrate  of  Manganese, — Dilute  nitric  acid  readily  diss 
^;xide  of  mimganesc,  and  forms  a  very  soluble  and  ditlicultl) 
zable  proto-nitrate.  The  same  salt  mny  be  obtained  by  dig 
roxide  of  manganese  in  nitric  acid  with  a  portion  of  gum  or  su 
abstracts  oxygen,  carbonic  acid  is  evolved,  and  the  protoxide 
by  the  acid.  Exposed  to  light,  the  solution  of  the  protonitn 
a  portion  of  peroxide  of  manganese. 

Wh«M)  dilute  nitric  acid  is  poured  upon  the  dcutoxide  of  r 
a  protoiiitnito  and  peroxide  are  formed. 

The  composition  (theoretical)  of  nitrate  of  manir^no^o  i^ 

36  protoxido 
54  acid 

90  V 

T  U>.  Mo ng,i7if  w  anil  Sulfihur  appear  iiri?uece|»lili!o  of  coi 
>ut  a  compound  (»f  oxide  of  manganese  and  culphnris  found  i 
*  t.\i  I  .iiid  ( 'ornwall.  It  is  of  a  h]acki>ih  grey  colour  and  mets 
?55,'  l»Kick  oxide  of  manganese  heated  with  sulphur  form* 
.•^•,|^sn^ld,  and  abundance  of  sulphurous  acid  is  evolved  :  i- 
?»>;*',  vt.  or  a  sulphuretted  oxide  of  manganese  ? 

*%l.  Ihposxdphitc  (f  Manganese  remains  in  soiulioii  ^\hf 
V  wvtnsanose  is  decomposed  by  hyposulphate  of  limL-. 


•  fW  mih»i<  of  Dr.  John  IVivy,  diflfers  frwn  all  the  romp'<l;inns  of  m 
S  .N^aMt^lnni  Hi  iucOnvt.t.    HTucnson,  by  tlui « xpcriment  l:><t  nlluai.-d  to, 

l^MoriiiP 4.." 

MtaicanMf* . :?.'» 


iRoy . 

iate  of  Manganese  is  formed  by  dissolving  the  protoxide  or 
itcin  the  acid,  and  evaporating  to  dryness  :  a  white prolosul- 
id,  which  crystallizes  in  rhomboida)  prisms,  and  consists  of 

36  protoxide 

40  sulphuric  acid 

76 

M>lublc  in  water,  and  has  a  bitter  styptic  taste  :  at  a  bright 
ves  out  oxygen,  and  sulphurous  acid  and  deutoxido  of  man- 
n.  It  may  also  be  obtained  by  mixing  peroxide  of  manga- 
aste  with  sulphuric  acid,  and  heating  it  in  a  basin  nearly  to 
gen  is  evolved,  and  the  dry  mass  washed  with  water  afforda 

uulphate  of  Manganese  is  formed  by  digesting  the  deutoxide 
icid  diluted  with  its  bulk  of  water  :  a  red  solution  is  form- 
alt  cannot  be  obtained  in  a  neutral  or  separate  state,  for 
ID  of  heat  evolves  oxygen,  and  forms  protosulphate.  It  is, 
a  little  deutosulphate  that  the  occasional  red  tinge  of  tlie 
!  is  to  be  attributed.        u 

jikuret  of  Manganese  is  of  a  blue  white  metallic  lustre,  and 
ioflammable. 
fhite  and  Hypophosphite  of  Manganese  have  not  been  ex- 

ikaie  of  Manganese  is  precipitated  in  the  form  of  a  white 
der,  by  adding  phosphate  of  soda  to  muriate  of  manganese. 
nate  of  Manganese  is  white,  insipid,  and  insoluble  in  wa- 
icipitated  by  alcalinc  carbonates  from  the  protomuriate  or 
,  and  consists  of 

36     protoxide 

22     carbonic  acid 

alts  of  manganese  containing  the  protoxide  are  mostly  so- 
,  and  the  solution  becomes  turbid  and  brown  by  exposure 
f  are  not  precipitated  by  hydriodic  acid ;  they  furnish 
Lates  with  the  alcalis,  which  soon  become  discoloured  by 
ir  ;  they  are  precipitated  white  by  ferro-prussiate  of  po- 
low  by  hydrosulphuret  of  ammonia, 
lative  peroxide  of  manganese  is  used  in  the  laboratory  as 
ygen,  and  is  largely  employed  in  the  preparation  of  chlo- 
y  by  the  bleachers.  It  is  used  in  glass-making,  and,  when 
&8,  gives  it  a  red  or  violet  colour.  It  is  also  employed 
tinting ;  and  it  gives  common  earthen-ware  a  black  colour, 
jd  with  the  materials  before  they  arc  formed  into  vessels. 
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Section  IX.    Iron* 

most  important  native  copibi nations  of  iron,  whence  the 
lies  for  the  arts  of  life  are  drawn,  are  the  oxides.  Iron 
combined  with  sulphur,'  and  with  several  acids  ;  it  is  so 
there  are  few  fossils  free  from  it.  It  is  also  found  in 
nd  vegetable  bodies  ;  and  in  several  minora!  waters. 
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706.  Manganese  and  Chlorine, — By  burning  the  metd  in  cl 
or  by  exposing  muriate  of  manganese  to  a  strong  heat,  a  pin 
transparent  flsdcy*  substance  is  obtained,  which,  when  dissolved 
ter,  produces  a  muriate  of  manganese. 

707.  Muriate  of  Manganese  may  also  easily  be  formed  by 
excess  of  the  black  oxide  with  muriate  of  ammonia  in  a  crucil 
solving  the  mass  in  water  and  Altering.  If  this  solution  be  eva 
to  dryness  and  fused  out  of  the  contact  of  air,  the  crystallized  i 
is  obtained.  Heated  in  contact  of  air,  it  is  decomposed,  and  < 
manganese  remains.  In  this  decomposition  it  is  a  question  whe 
chlorine  is  expelled  by  the  superior  attraction  of  the  oxygen  i 
ganese  ;  or  whether  the  moisture  in  the  air,  or  in  the  compoai 
is  concerned  in  the  change.  This  chloride  consist^,  acconlim 
Davy  {Phil.  Trans.  1812,  p.  184)  of 

54  chlorine 
46  mangsmese 

100* 

So  that  it  may  be  regarded  as  a  compound  of 

1  proportional  manganese     20 
1  — ■  chlorine        30 

64 

708.  Chlorate  of  Manganese  has  not  been  examined,  norhM 
tion  of  iodine  or  of  its  acids  upon  this  metal  been  investigated. 

709.  Nitrate  of  Manganese. — Dilute  nitric  acid  readily  dissol! 
toxide  of  manganese,  and  forms  a  very  soluble  and  ditlicultly  c 
zable  proto-nitrate.  The  same  salt  may  be  obtained  by  dign 
roxide  of  manganese  in  nitric  acid  with  a  portion  of  gum  or  sugai 
abstracts  oxygen,  carbonic  acid  is  evolved,  and  the  protoxide  d 
by  the  acid.  Exposed  to  light,  the  solution  of  the  protonitrate 
a  portion  of  peroxide  of  manganese. 

When  dilute  nitric  acid  is  poured  upon  the  deutoxide  of  mai 
a  protonitrate  and  peroxide  are  formed. 

The  composition  (theoretical)  of  nitrate  of  man;pino.«e  i^ 

36  proloxid** 

64  acid 

90  ^ 

710.  Manganf^e  and  Sulphur  appear  urii=u«cep'iihle  of  coml 
but  a  compound  of  oxide  of  manganes^c  and  sulphur  is  found  in ' 
vnuia  and  Cornwall.  It  is  of  a  blackish  grey  colour  and  metalli 
The  black  oxide  of  manganese  heated  with  sulphur  forms  a 
compound,  and  abundance  of  sulphurous  acid  is  evolved  :  i?*  ll 
phuret,  or  a  sulphuretted  oxide  of  manganese  ? 

711.  Hyposulphite  of  Manganese  remains  in  solulloii  when 
of  manganese  is  decomposed  by  liyposulphate  of  lime. 

#  This  analTsis  of  Dr.  John  Dnvy,  differs  frwn  aU  the  rompts'.jons  of  nuii| 
pny  be  considered  as  incorrect.  Thomson,  by  Uie  experiment  l:i<t  alluclcd  to,  h» 
compositioii  to  be 

Chloriae 4.ri 3 
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hdphate  of  Manganese  is  formed  by  dissolving  (he  protoxide  or 
!>oiiatein  the  acid,  and  evaporating  to  dryness  :  a  whiiaprotoitul- 
»nncd,  which  crystallizes  in  rhoniboidal  prisms,  and  consists  of 

36  protoxide 

40  sulphuric  acid 

76 

ry  soluble  in  water,  and  has  a  bitter  styptic  taste  :  at  a  bright 
t  gives  out  oxygen,  and  sulphurous  acid  and  deutoxide  of  man- 
main,  it  may  also  be  obtained  by  mixing  peroxide  ofmangsi- 
a  |Kt*^te  with  sulphuric  acid,  and  heating  it  in  a  basin  nearly  to 
oxygen  is  evolved,  and  the  dry  mass  washed  with  water  affords 
ite. 

tMiotulphate  of  Manganese  Lh  formed  by  digesting  the  deutoxide 
4c  acid  diluted  with  its  bulk  of  water :  a  rod  solution  is  form* 
le  salt  cannot  be  obtained  in  a  neutral  or  separate  state,  for 
ation  of  heat  evolves  oxygen,  and  forms  protosulphate.  (t  is, 
to  a  little  deutosulphate  that  the  occasional  red  tinge  of  the 
hate  is  to  be  attributed.        u 

*hospkurei  of  Manganese  is  of  a  blue  white  metallic  lustre,  nnd 
biy  iollamniable. 
ykotphite  and  Hijpophosphite  of  MangoMCse  hnve  not  been  cx- 

kosphate  of  Manganese  is  precipitated  in  the  form  of  a  white 
powder,  by  adding  pliosphate  of  soda  to  muriate  of  manganese. 
irbonaie  of  Manganese  is  white,  insipid,  and  insoluble  in  wa- 
i  precipitated  by  alcaline  carbonates  from  the  protomuriate  or 
bate,  and  consists  of 

36     protoxid(^ 

22     carbonic  acid 

he  salts  of  miiiiganese  containing  the  protoxide  are  mostly  so- 
ater,  and  the  solution  becomes  turbid  and  brown  by  exposure 
"hey  are  not  precipitated  by  hydriodic  acid  ;  they  furnish 
cipitutes  with  the  alcalis,  which  soon  become  discoloured  by 
to  air;  they  are  precipitated  white  by  fcrro-prussiate  of  po- 
vellow  liy  hydrosnhdiuret  of  ammonia, 
he  native  peroxi<ic  of  manganese  is  used  in  the  laboratory  as 
f  oxygen,  and  is  largtdy  employed  in  the  preparation  of  chlo- 
rially  by  the  l)leachers.  It  is  used  in  glass-making,  and,  when 
xccds,  gives  it  a  red  or  violet  colour.  It  is  also  employed 
ji  paintint; ;  and  it  gives  common  earthen-ware  a  black  colour, 
nixed  with  the  materials  before  they  are  formed  into  vessels. 


Section  IX.    Iron. 

IE  most  important  nntive  combinations  of  iron,  whence  the 
upplies  for  the  arts  of  life  are  drawn,  are  the  oxides.  Iron 
nd  combined  with  sulphur,'- and  with  several  acids  ;  it  is  so 
.hat  tiiere  are  fow  fossils  free  from  it.  It  is  also  found  in 
al  and  vegetable  bodies  ;  and  in  several  min'Tsil  waters. 
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...  >  j*:vJi'r\i'J  in  the  imperiiil  iiiu«cu 

,     . — K\iu)s<»(l  to  heat  aijd  air,  iroi 

*  *     •  v\\srcn  in  at  least  two  proportion 

•     '••—*}  procipilating  a  solution  ot'siil 

.  *.     ^  :'t'  pre  ipilMe  out  of  the  contact  of 

I:  i«i  Mack,  and  consist*  of 'J B  iron  + 

.    .    ^..:  :»\  -M.  Ciay-Ii!issac,  that  in  dryinj;, 

•    ^-  •:  J*  aUvav**  absorbed,  and  that  the  hi? 

-..'.  -m"  \00  metal  +  37.8  oxyj^^-"  i   {Ann 

:  ".  '\\nv  'i<  some  reason  to  doubt  the  ace 

•  '.  precipitated  protoxide  of  iron  is  sparing 
^  •  .wrbonalLd  alrahs. 

N.    ■'.  \.  ;o  of  iron  ma}  aUo  he  obtained  by  burninj 
■.  .  ^  \  or\  tieaiitiful  experiment  was  devised  by  f  )i 

•  ^.     M'rfonned  by  attaching  a  straii;ht  piece  of  i 
I'  .  .-.  n  ith  l»:irp^ichord  wire,  to  the  slojipcr  of  an  a 

'•'  *  ofidofa  brim>tone  match  may  be  attached 

•.    ll  ihe  titpj*  of  jdunpng  it  into  the  gas  ;  it  he 
.  t  titeii  burns  and  drops  in  black  globules  of  o 

I.     .  *    '•         . 

•■  ..     ,  ..V  .*!'  M'^u  used  to  be  prepared  for  pharmaceu 

.    .     .  ,     •  '  .lUi'.u?*  with  a  small  ijuanlily  of  water,  and  c: 

•I"  .1    .\  or  tw«.» ;  a  quantity  of  black  oxide  thus  ; 

■f£  ^  ...  v.v    *^  washinj^,  and  the  process  repeatetl  till  the 

.    ^      . -*  >.*\idi/ed.     It  wa-j  called  mort'ud  etin'ops, 

^^     V     >^luble  in  water. 

I  >*  .1  v-\*:o\idc  of  iron  is  1)oiled  in  nitric  arid,  and 

,.,^ «  >hed.  and  dried  at  a  low  red  heat,  it  increa: 

. ,    .  X  i '  • ;  V ^*  u  c olou r.     T his  i s  th e  peroxide ,  r o i n po^ 

, . .    .        »0.     It  has  sometimes  beyn  called  StifTn 
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OXIOE   OF   IRON.  27& 

ItArnre  off  the  whole  of  the  acid  :  I'H  grain?  of  peroxide  re^ 
So  tint  the  composition  of  thes<*  oxides  !>tands  thus  : 

Protoxide.  Peruiii!e. 

Iron .  .    100        100 

Oxygen     28.68 43 

128.68  143 

Jil8.68  .43  : :  8  :  12  =  j^  proportional  of  oxygen. 
T  fiir-LVSSAC  (^Ann,  de  Chiia.  et  Pkys.  i.,  and  Ann.  de  Chim.  l^x.) 
jUM  some  expenmenta,  which  he  considers  as  demonstrating 
fpitoce  of  a  third  definite  oxide  of  iron,  intermediate  between 
AfO  oxides,  and  composed  of  iron  100  -I-  oxygen  37.8.     Such  a 
he  thinks  is  obt<iined  by  passing  stesun  for  a  length  of  time 
lot  iron :  it  seems,  however,  very  questionable  whether  this 
l.lefinlte  compound  :  it  is  rejected  by  Berzelius,  who  only  admits 
Wk»  ^ve  describee!. 
Theaard,in  describing  the  oxides  of  iron,  {Traitiu,  75.  Edit.  2.) 
tbeoctoedml  and  magnetic  iron  ores  as  composed  of  this  deu- 
nddoes  not  atlow  of  the  existence  of  native  protoxide  of  iron. 
fRMBt  state  of  the  question,  however,  1  should  feel  rather  in- 
to liew  this  deutoxide  as  a  mixture  of  the  protoxide  and  perox- 
Abu  my  definite  compound,  more  especially  as  the  analyses  of 
Wreaagnetic  oxides  give  variable  proportions  of  oxygen. 
Mer  that  the  representative  number  of  ii'on  may  also  be  its  cqui- 
'  BHiiber,  it  is  represented  by  28.     But  tlie  peroxide,  instead  of 
of  1  proportional  metal  +  2  oxygen,  consists  of  1  propor- 
■clal  -f- 1*5  oxygen  ;  and  the  chloride  and  perchloride  bear  the 
Ration  to  each  other.     The  case  however  is  different  with  the 
is  ;  for  the   sulpliuret   consists  of  1   proportional  iron  +  1 
:  and  the  bi-sulpburet  of  1  iron  4-  2  sulphur. 
Gay.Lus<iac  has  shown  the  curious  fact,  that  although  red-hot 
tiecQinposes  water,  hydrogen  is  capable  of  decomposing  all  the  ox- 
rfifon  at  a  red  heat. — Ann.  de  Chim.  et  Pkys.,  i.  37. 

The  M'utive  Oxides  of  Iron  constitute  a  very  extensive  and  im- 
fut  cL^s  of  metallic  ores.  They  vary  in  colour,  depending  upon 
Rtexhire  in  some  ciaes  ;  in  others,  upon  the  degree  of  oxydizc- 
It  Some  varieties  are  magnetic,  and  those  which  contain  least  oxy- 
lare  attracted  by  the  magnet. 

Itignetic  Iron  Ore  is  generally  black,  with  a  slight  metallic  lustre. 
Kan  massive  and  octoedral.  It  is  oflen  sufhciently  magnetic  to 
:ip  a  needle.  Its  sjpecidc  gravity  is  4.6.  It  occurs  chietly  in  pri* 
ve  countries,  and  is  very  abyndaut  at  Roslagen  in  Sweden,  where  it 
aniifiictured  into  a  bar-iron  particularly  esteemed  for  making  steel. 
Dolher  variety  of  oxide  of  iron  is  called  iron  glance^  and  micaceous 
•  ore.  li  is  fomid  crystallized  of  singular  beauty,  in  the  isle  of  El- 
and occa.*iioiially  among  the  volcanic  products  of  Vesuvius  and  the 
iri  Islands. 

third  variety  is  Ilitnwtite^  or  red  iron-stone  ;  it  occurs  in  globular 
rtilactitic  masses,  having  a  iibrous  and  diverging  structure.  In 
emiDtrv  it  abounds  near  Ulverstonc  in  Lancashire  ;  and  most  of 

m 

lOn-plate,  and  wire,  is  made  from  it.  Sometimes  it  is  of  a  brown, 
:,  or  ochraceous  colour. 

fimrtli  variety  of  oxide  of  iron,  is  known  under  the  term  of  clay- 
ffofus  ou  account  of  the  quantity  of  argillaceous  eaurth  wiUi  wiiich 
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it  is  contaminated.  It  is  found  in  masses  of  different  shaped  and 
and  sometimes  in  small  rounded  nodules  like  peas.  Some  of  tbc  im 
ular  masses  are  called  oniics.  It  is  abundant  in  the  coal  fbrmatioBil 
Shrop:?bire,  South  Wales,  Staffordshire  and  Scotland. 

Though  this  is  far  from  the  purest  iron  ore  found  in  this  comilrj, 
is  the  chief  source  of  the  caT^t  and  bar  iron,  in  ordinary  use.  Itsa 
plo3'mcnt  is  chiefly  referable  to  the  coal  which  accompanies  it. 

The  essential  part  of  the  process  by  which  these  ores  of  iron  u 
reduced,  consists  in  decomposing  them  by  the  action  of  charcoal i 
high  temperatures.  The  argillaineous  iron  of  Wales,  Shropshire, 4« 
is  first  roasted,  and  then  smelted  with  lime-stone  and  coke  :  the  aaei 
the  former  being  to  produce  a  fusible  compound  with  the  claj  of  tl 
ure»  by  which  the  latter  is  enabled  to  act  upon  the  oxide,  and  to  rednc 
it  to  the  metallic  state. 

72().  The  two  oxides  of  iron  form  distinct  salts  with  the  acids. 

The  salts  containing  the  black  oxide  are  of  a  green  colour,  mosd 
crystillizable,  become  reddish  brown  by  exposure  to  air,  and  tta 
solutions  absorb  nitric  oxide  gas  and  become  of  a  deep  olive  colpnr. 

The  salts  with  the  brown  oxide  do  not,  with  very  few  exceptions,  cijs 
tallize  :  they  are  brown,  soluble  in  alcohol,  and  do  not  absorb  nitricoxide 

The  nlcalis  precipitate  hydrated  oxides  from  these  solutions. 

727.  Iron  and  Chlorine  unite  in  two  proportions  ;  the  chloridM  nq 
be  obtained  by  evaporating  protomuriate  of  iron  to  dryness,  and  expos 
ing  the  residuum  to  a  red  heat,  out  of  the  contact  of  air.  A  grey  biil' 
tie  lamellar  substance  is  formed,  consisting  of  one  proportional  of  inn 
and  one  of  chlorine  ;  28  +  36. 

TiKit  the  chlorine  in  the  protochloride  of  iron  is  to  that  in  the  p#^ 
chloride  as  1  to  1.5,  is  shown  by  Dr.  Davy  in  his  valuable  paper  on lli 
chlorides,  (^Pkil,  Trans.y  1812,  169.)  and  the  equivalent  number  rf 
iron,  as  deduced  from  his  analysis,  is  somewhat  above  that  here  adopw 
It  must  bo  confessed  that  the  anomaly  in  the  oxides  and  chlorideidl 
iron  throws  some  diflicuity  in  the  way  of  applying  to  them  their  eqoiilF 
lent  numbers,  but  as  the  foundations  of  chemistry  are  purely  expcri* 
mental,  we  must  not  endeavour  to  do  away  that  difficulty  by  a  theoretical 
substitute.  There  is  a  difference  in  the  relations  of  iron  to  oxygen  mI 
chlorine,  compared  with  its  relation  to  sulphur,  which  does  not  nOi, 
elsewhere  ;  of  the  cause  of  this  difference  we  are  at  present  ignoFMt 

7^8.  When  iron  wire  is  heated  in  chlorine,  it  burns  with  a  red  M^ 
and  produces  a  compound  which  ri<es  in  beautiful  brown  scales.  Itisthi 
jierchloride  of  irun^  and  consists  of  one  proportional  of  iron,  and  oneial 
a  hidf  of  chlorine  ;  28+64.  The  chloride  and  perchloride  of  iron  ft^ 
dure  protonivriate  lind  pcrmuriatt  of  ii*on  when  acted  upon  by  water. 

729.  Chlorate  of  Iron  has  not  been  examined. 

7.'^().  JMitriate  of  Iron, — When  iron  tilings  are  dissolved  in  muriatic 
ncid,  a  greeni.^h  brown  solution  results,  which  contajns  a  mixture  of  the 
protomuriate  and  pennuriate. 

7ol.  Protomuriaie  of  Iron  is  best  obtained  by  digesting  black  sulpha- 
rrt  of  iron  in  dilute  muriatic  acid  ;  }'ulphuretted  hydrogen  is  evolred, 
anil  a  green  solution  obtained,  which,  tiltered  and  evaporated,  yiddi 
pale  green  cr}  stals,  very  soluble,  and  of  a  styptic  taste.  This  salt 
.•bundantly  absorbs  nitric  oxide  gas;  the  solution  is  of  a  ver}'  deep 
brown  colour  ;  when  heated^  red  oxide  of  iron  fidls  and  a  portion  « 
imnionia  i^  formed  ;  a  great  part  of  the  gar*  at  the  same  time  escap«« 

Thi«<  >;»lt  may  al*o  be  obfuined  by  disholvio^  iron  fdings  in  muriatic 
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ochided  from  air ;  but  the  above  proress  is  preferable,  a«<  the 
mictted  hydrogen  prevents  any  part  of  the  iron  passing  into  the 
of  pennuriate. 

1  Permuriate  of  Iron  is  formed  by  digesting  the  peroxide  in  mu- 
;acid:  it  dissolve^  without  the  evolution  of  chlorine,  and  when 
onted  to  dryness,  furnishes  a  reddish  brown  deliquescent  mass  of 
7ai(riii|eDt  taste,  soluble  both  in  water  and  alcohol.  It  forms  the 
I  flf  the  tinctura  ferri  muriatis  of  the  London  Pharmacopcnia, 
■rate of  iron  is  also  formed  by  cxposinj^  the  protomiiviate  to  air : 
bj acting  opon  it  by  nitric  acid.  Exposed  to  heat,  muriatic  acid, 
me,  and  water  are  evolved,  chloride  of  iron  sublimes,  and  a  por- 
of  peroxide  remains  in  the  retort. 

8.  When  muriate  of  ammonia  and  peroxide  of  iron  are  mixed 
aposed  to  heat  in  a  proper  subliming  vessel,  a  yellow  sublimate^i:* 
■ed,  winch  is  the  ena  veneris  and  flores  martiaUs  of  old  pharma- 
die/emrm  ammoniaturn  of  the  present  Pharmacopceia ;  it  con- 
chidy  of  muriate  of  ammonia,  with  a  small  but  variable  propor- 
of  pennoriate  of  iron. 

4.  Mhu  and  Iron  readily  form  a  brown  compound,  fusible  at  ;< 
Mat,  ad  which,  when  acted  upon  by  water,  forms  a  hydriodate  of 
sencoloar. 

&  Uak  of  Iron  has  not  been  examined. 

&  The  m'rrir  acid  dissolves  the  protoxide  and  peroxide  of  iron, 
■rodoce^  a  green  protonitrate  and  a  red  perfiitrate. 
trie  acid,  diluted  with  a  very  little  water,  acts  violently  on  iron 
cmidizes  it,  a  vast  quantity  of  gas  being  at  the  same  time  gene- 
f  vUch  consists  of  a  mixtui'e  of  nitrous  smd  nitric  oxides  ;  and  a 
M  k  formed  of  a  reddish  brown  colour  containing  pemitrate  of 
nxl  affording  a  brown  ]n*ecipitalo  to  the  alcalis. 
ke nitric  acid  be  considerably  diluted,  (sp.  gr.  I.IG)  the  action  is 
nd  very  little  gas  escapes  ;  the  solution  acquires  an  olive  brown 
from  the  nitric  oxide  which  it  contains,  but  exposed  to  the  air 
mes  pale  green  in  consequence  of  the  escape  of  that  gas.     Tlie 
produce  a  green  precipitate  in  this  solution  :  it  cannot  be  ob- 
in  crystals  by  the  usual  process,  and  passes  into  pemitrate  h^ 
re  to  air. 

Sulphur  and  Iron. — There  are  two  sulphurets  of  iron :  tlw? 
vipkuret  is  composed  of  28  iron  +  16  sulphur;  and  the  ycllozv 
ft,  or  bi'Sulphuret,  of  28  iron  +  3-  sulphur.  The  former  com- 
is  pro<liiced  by  melting  sulphur  with  iron  filings ;  it  exists  in 
iiider  the  name  of  muf^netic  pyrites:  the  bi-snlphuret  is  exclu- 
natund  product,  very  abundant,  and  called  irtm  pyrites. 
\ttic  pyrites  is  not  found  crystallized  ;  it  is  generally  brown,  ui 
yellow,  and  is  not  a  common  mineral. 

Hon  pyrites  is  found  massive,  and  crystallized  in  a  variety  of 
its  primitive  form  is  the  cube.  It  often  occurs  in  nodules. 
or  is  different  shades  of  brass  yellow, 

the  magnetic  pyrites  contuins  just  half  the  proportion  of  sul- 
:isting  in  the  common  pyrites  was  lirst  shown  by  Mr.  Hatchetl. 
>«»«.,  1804.) 

principal  use  of  pyrites  is  in  the  formation  of  green  viirinly  fur 
mrpose  the  ore  is  gently  roasted  and  exposed  to  air  and  moisture, 
irieties  are  spontaneously  decomposed,  antl  furnish  this  salt., 
has  aldo  lately  been  usad  in  the  production  of  sulphuric  acid(325.) 
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738.  Sulphates  of  Iron, — The  sulphuric  acid  with  the  protoiide  •( 
iron  £orms  a  protosulpkate  ofiron^  which  crystallizes  in  green  rhomM 
dal  prisms,  of  a  styptic  taste,  soluble  in  twice  their  weight  of  coldwii 
ter,  and  insoluble  in  alcohol.  This  salt  is  called  copperas  or  ^rcaiml 
rio!^  and  is  often  prepared  by  exposing  roasted  pyrites  to  moisture,  I 
which  case  it  is  impure.  It  is  usually  formed  by  dissolving  iron  filingl 
or  tuniings,  in  dilute  sulphuric  acid,  filtering  and  evaporating  the  Mn 
tion,  and  setting  it  aside  to  crystallize.  It  is  also  obtained,  perfedl 
free  from  persulphate,  by  acting  upon  sulphnret  of  iron  by  dilute  nu 
phuric  acid.  It  conbists  of  one  proportional  of  protoxide  =  36  -f  ; 
proportional  of  acid  =:  40,  and  in  its  crystallized  state  contains  sera 
proportionals  of  water  -=:  63.  Its  solution  absorbs  nitric  oxide  gas,  aw 
acquires  a  deep  brown  colour  ;  it  also  absorbs  chlorine,  muriatic  aca 
is  fonned,  and  the  iron  becomes  peroxidized,  so  thai  water  is  here  di 
composed. 

Exposed  to  air  and  moisture,  the  protosulphute  of  irongradaaBydl 
sorbs  oxygen,  and  is  partly  converted  into  a  persulphate.  It  may  aU 
be  converted  into  persulphate  by  nitric  arid.  When  heated,  it  Am 
in  its  water  of  crystallization,  and  at  a  high  temperature  evolvesaniz* 
ture  of  sulphurous  and  sulphuric  acids,  peroxide  of  Iron  reroanaqgia 
the  vessel :  by  this  process  sulphuric  acid  used  formerly  to  be  prepa- 
red, and  the  residue  wits  known  under  the  name  of  caput  mortunm  ni^ 
vioU  or  colcothar.  If  the  green  crystals  of  this  salt  be  exposed  lb  a 
temperature  of  about  300^,  they  lose  a  portion  of  water,  and  ctnakks 
down  into  a  white  powder. 

739.  JSfative  Green  Vitriol  is  frequently  found  associated  with  iroa 
pyrites,  being  produced  by  its  decomposition  :  it  occurs  in  several  if 
our  coal  mines. 

740.  Persulphate  of  Iron  is  obtained  by  dissolving  the  moist  red  of* 
ide  in  dilute  sulphuric  acid ;  it  does  not  crysftallize,  but  aflbrds,  Mf 
evaporation,  a  brown  deliquescent  mass,  consisting  of  1  proportioari 
of  peroxide  +  1.5  sulphuric  acid,  or  40  oxide  -[-  00  sulphuric  acid. 
It  is  formed  in  the  mother  waters  of  the  sulphate.  Its  taste  is  hig% 
astringent,  and  when  dry  it  becomes  white  :  if  in  this  state  it  be  digeil> 
cd  in  hot  sulphuric  acid,  or  if  peroxide  of  iron,  recently  precipitalal 
from  the  pernitrate,  be  boiled  with  excess  of  sulphuric  acid,  the  solatieo 
yields  octoedral  crystals  nearly  white,  and  of  a  sweetish  styptic  taste: 
these  are  probably  a  bi-per sulphate  of  iron, 

741.  Phosphuret  of  Iron  maybe  fonned  by  dropping  phosphonts  iato 
a  crucible  containing  red-hot  iron  wire  ;  it  is  a  brittle  grey  compound, 
and  acts  upon  the  magnet.  Upon  the  subject  of  the  magnetic  qualities 
of  the  sulphnret  and  phosphuret  of  iron,  the  reader  is  referred  to  Mr. 
Hatchett's  analysis  of  the  magtretical  pyrites.     {PhiL  Trans.y  1804). 

742.  Phosphates  of  Iron. — These  are  both  insoluble,  and  maybe 
formed  by  adding  solution  of  phosphate  of  soda,  to  protosulphate  and 
persulphate  of  iron.  The  protophosphate  of  iron  is  of  a  pale  blue  co- 
lour ;  the  perphospate  is  white. 

743.  Native  Protophosphate  of  Iron  occurs  in  the  form  of  a  blue  earthj 
powder,  and  also  in  prismatic  crystals.  The  former  has  sometimes 
improperly  been  termed  JVative  Prussian  Blue^  and  has  been  found  in 
alluvial  soil :  the  latter  occurs  with  iron  pyrites  in  Cornwall. 

744.  Iron  and  Carbon. — The  different  kinds  of  cast  iron  and  of  steel 
contain  more  or  less  carbon,  which  materially  affects  their  properties. 
The  substance  termed  Plumbago^  Graphite^  or  Black  Lead^  is  geBendlv 
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f^ptdedasQtroecar&vrtfr  of  itwvi  tliis  is  not  an  uncommon  mineral, 
thsqglinrelyfbaiiKi  of  sufficient  purity  ibr  the  manufacture  of  pencils  : 
jft  Borrodale  in  Cumberland,  where  it  occurs  particularly  pure,  it  is  in 
{■bedded  iiiii»es  in  slate  and  grauwacke:  the  coarser  kinds  and  the 
AhK,  are  melted  with  sulphur  for  common  carpenters'  pencils :  cruci- 
Vn  ire  MMDetimes  made  of  it,  and  it  forms  an  in/irredicnt  in  composi- 
fa  covering  cast-iron,  and  for  diminishing  friction  in  machines, 
to  Messrs.  Allen  and  Pepjs  it  consists  of 
95  carbon 
5  iron 

100 

ltH|f  bere  be  obsenred,  that  considerable  difficulty  attends  the  ac- 
cmle  aiuIjMs  of  compounds  of  carbon  and  iron,  in  estimating  the  pro- 
fHtioB  of  the  former ;  this  has  generally  been  indirectly  effected  by 
*0oeztMiing  the  quantity  of  iron,  and  considering  the  loss  of  weight  iis 
#rtoii,a  method  obviously  objectionable.     If  the  action  of  dilute  suU 
'|Wc  add  be  resorted  to,  a  portion  of  csgrbon  is  carried  off  by  hydro- 
jn;  fteme  is  the  case  with  muriatic  acid  ;  and  if  nitric  acid  be  usecL 
tone  CttboBic  acid  may  be  formed,  and  artificial  tinnin  is  produced. 
^  Flnrty  B  infusible,  and  bums  with  great  difficulty :  its  composi- 
liM  m  Mcertiined  by  the  above-mentioned  chemists,  by  exposing  i* 
JaAeafpnatas  used  for  burning  the  diamond,  to  a  current  of  oxygen 
tf  and  heat,  and  ascertaining  the  quantity  of  carbonic  acid  and  of  ox- 
He  of  ino  thus  produced. 

74&  CarioRtc  Acid  may  be  combined  with  the  protoxide  of  iron,  hy 
■U^orbonate  of  potassa  to  sulphate  of  iron ;  a  green  precipitiite  of 
pnlKjiiihijiar«  of  iron  fails,  which,  exposed  to  air,  becomes  brown,  and 
fro/vei  carbonic  acid.  Solution  of  bi-carbonate  of  potiissa  occasionti  a 
nhte  precipitate  with  sulpliate  of  iron,  part  of  which  is  re-dissolved  on 
idiilg  excess  of  the  carbonated  alcali. 

746.  Sputhosc  Iron  Ore  is  a  native  carbonate  of  iron,  containing  a  lit- 
r  OBDganese  and  carbonate  of  lime.  It  occurs  in  Germany,  and  in 
M  parts  of  Cornwall,  crystaUizcd  in  imperfect  rhomboids.  Its  co> 
IT  is  yellowish,  or  brownish,  grey. 

747.  When  hydrocyanate  of  potassa  is  added  to  the  solutions  of 
Es  of  iron,  it  occasions  a  bluish  white  precipitate  in  those  containing 

protoxide,  and  a  blue  precipitate  in  those  containing  the  peroxide, 
e  former  precipitate  is  probably  a  ferrocyanate  of  iron,  containing 
protoxide  ;  the  latter,  a  ferrocyanate  contiiiningthe  peroxide,  and 
ch  has  been  long  known  under  the  name  of  Prussian  Blue, 
4S.  Pruji.sian  bluo  is  usually  prepared  by  the  following  process  : — 
lal  parts  of  subcarboniite  of  pot:i«:?a  and  some  animal  substance, 
has  dried  blood,  or  horn  shavings,  arc  heated  rod  hot,  in  a  crucible,, 
six  or  eii^iit  parts  oi'  water  are  poured  upon  the  mixture  when  it 
quite  cooled.  The  solution  is  llltcred  and  found  to  contain  hydro* 
BoTf  of  potassa^  along  with  carbonate  of  potassa,  and  some  other  pro- 
Is.  It  is  mixed  with  a  liolution  containing  two  parts  of  alum  and  one  of 
iiite  of  iron  ;  a  precipitate  falls,  at  first  of  a  dingy  green  hue,  but 
:h,by  copious  wuf^hings  with  very  dilute  muriatic  acid,  acquires  a  fine 
tint,  and  is  called  FrusiianBlue,  having  been  discovered  by  Diesbach 
bar-maker  of  Berlin,  in  1710.  The  first  description  of  the  mode 
reparing  it  i*  given  by  Woodward  in  the  Phil.  Trans,  for  1724. 
.  thi«  proce«:>  the  animal  matter  i^  decomposed,  and  resolved  into 
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a  Variety  of  pfoducts  arising  from  the  reunion  of  its  nltiiqate  comj 
parts.  The  matter  remaining  in  the  crucible  contains  cvanuret 
ta^sium,  and  when  acted  upon  by  water,  hydrocyanate  of  potasnp- 
a  little  carbonic  acid  and  ammonia,  is  formed  in  consequence  of  tC^ 
composition  of  a  portion  of  the  water  ;  and  consequently  the  p^ 
pal  salts  cont«uned  in  the  washings  of  tlie  black  matter  remaining  i 
oruclL)le  are  carbonate  and  hydrocyanate  of  potassa,  which,  whe> 
ded  to  a  solution  of  sulphate  of  iron,  form  a  precipitate  of  oude 
fcrrocyanate  of  iron  ;  the  former  is  removed  by  the  dilute  mar 
acid.  The  aluminous  earth  of  the  alum  gives  a  body  to  the  pra 
late,  which  improves  it  as  a  pigment. 

The  above  seemci  to  be  the  simplest  view  of  the  formation  andcoi 
sition  of  Prussian  blue  ;  a  variety  of  otlier  opinions  respecting  iti  in 
have  been  entertained, but  they  require  further  experimental  veriiica 

749.  Pure  Prussian  blue,  obtained  by  adding  ferrocyanate  of  p 
sa  to  solution  of  persulphate  of  iron,  is  a  tasteless  substance  insol 
in  water  and  alcohol.  It  is  not  acted  upon  by  dilute  nitric,  sulphui 
muriatic  acids,  which  renders  it  extremely  improbable  that  it  shod 
a  hydrocyanate  of  iron,  and  strengthens  the  opinion  of  Mr.  Pon 
that  it  is  a  ferrocyanate,  or  a  compound  of  peroxide  of  iron  witk 
peculiar  acid  mentioned  below  (75i^),  imd  containing  hydrogen,  oxy 
iron,  and  cyanogen. 

750.  When  Prussian  blue  is  boiled  with  potassa  it  is  decompoi 
it  loses  its  blue  colour,  oxide  of  iron  is  separated,  and  on  fiKc 
and  evaporating  the  solution,  a  triple  salt  is  obtained,  consistiiig  of 
drocyanic  acid,  potassa,  and  oxide  of  iron  ;  this  has  been  called  i 
prussiate  of  potassa,  and  fcrrocyanate  of  potassa.  It  is  best  formi 
adding  powdered  Prus:>ian  bine,  previously  heated  with  a  dilute 
phuric  acid  composed  of  one  pnrt  of  acid  and  live  of  water,  and  a 
wards  was^hed,  to  a  hot  solution  of  potassa,  as  long  as  its  colour  i 
btroyed.  This  #alt  forms  permnnent  yellow  cubic  and  tabular  ciy 
more  soluble  in  hpt  than  cold  water,  insoluble  in  alcohol,  and  of  ] 
culiar  taste.  Boiled  with  dilute  sulphuric  or  muriatic  acids,  hydi 
anic  arid  is  given  out,  and  a  precipitate  formed  similar  to  that  whici 
."alt  produces  in  a  solution  of  prolo-sulphatc  of  iron.  It  is  decoro] 
in  a  retort  at  a  red  heat,  hydrocyanic  acid  and  ammonia  are  evo 
and  the  residue  consists  of  charcoal,  potassa,  and  iron. 

Kxposed  to  a  red  heat  in  a  platinum  crucible,  a  brown  mass  t 
tained,  which,  washed  with  water,  deposits  a  grey  ryanuret  of  j 
num.  The  aqueous  solution  furnishes,  on  evaporation,  hvdrocy; 
of  potassa  and  a  larp;c  quimtily  of  transparent  colourless  prismatic  i 
lal^. — Thrxard,  Traiti,  2d  edit..iii.  528. 

7;>1.  The  ferrocyanates  of  amnwiiw^  soffa,  lime,  ma^ffesia^  ba 
und  strontia^  may  be  obtained  by  boilinjr  thoac  alralis  and  caiths 
Prussian  blue. 

752.  Mr.  Porrett  {Phil.  Trans.,  1014.)  considers  the  forrocya 
n-^  rompounds  of  the  respective  bases,  with  an  acid  ctin^isting  o 
I'lements  of  the  hydrocyanic  acid  united  to  the  protoxide  of 
"J'his  acid  he  iermafcrrochyazic  acirf,  derived  from  the  initiij  lett4 
•nrbon,  hydrogen,  and  azote.  He  obtained  ihis  acid  dissolved  ii 
tcr,  by  adding  to  a  solution  of  ferrocyanate  of  baryta  jusl  sulp] 
acid  enough  to  precipitate  the  baryta.  It  has  a  pale  yellow  colov 
smell,  and  is  decomposed  by  a  gentle  heat  or  strong  light,  in  if 
'>N(.  iiydrorx-ank  acid  i*  fonn'»d.  and  while  hydrocyaimte  of  ir 
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■lei»  ifUch  becomes  blue  by  eiposure.  Gay-Lussac,  observing 
mAKtiM  of  the  ferrocyanate  of  potassa  by  adding  protoxide  of 
tokydrocfaiiate  of  potassa,  supposes  that  a  portion  of  the  hydro- 
iciod  M  decomposed  by  the  oxide,  giving  rise  to  a  compound  of 
mCif  inm  with  hydrocy anate  of  potassa. 

il  IkftUowing  table  shows  the  colours  of  the  precipitates  occa- 
|i  %  MhtioD  of  ferrocyanate  of  potassa,  in  different  metallic 


TIL                      SOLL'TIOX. 

PRECIPITATE. 

AR!£  1  Xealnl  pntonuriate 

White 

•  •  •  •  •  ^  Kniml  pratoMilpiiata                            | 

White  or  pale  blue 

..    ..|N«ri.l.                                            1 

Prmiian  blue 

1*^                                                 1 

Yellowish  white 

.....|lciapmt«ninatc 

White,  then  yellow  and  bluish 

•  •  •  •  •!  idd  pennuriAte 

Pale  yellow 

rai. .  j  Varimte                                                                                                                       1 

B . . .  .|  Pntomuriftte                                          | 

Lilac 

•  ■  ■  1  Fnwntfl                                            1 

Deep  brown 

■  •  ■  il  llitnta                                                  1 

White 

IT .  .1  Tutntc  of  antimony  and  potassa 

0 

[ . .  .1  Tartrate  of  bismnth  and  potassa           | 

0 

.  .  .1  Muriate                                                   | 

Pale  f  reen                                                 1 

Deep  brown 

1   .  .1  Acid  muriate                                            1 

Deep  blue  (from  acid 

.  .  .|  Neatral  sulphate                                     | 

Sap  Orecn 

...|                                 1 

.  .  .|  Wfait«  oxide                                             I 

.  .  .1  Sulphate                                                    | 

Grey 

.  .    Acid  nitre t*^                                                | 

Greenish  white 

.  .  ,|  Acid  pernilrate                                         | 

Ditto 

.1  Corrosive  sublimate 


White 


■I 


.  .  .}  Nitrate 
.  .  .|  Moriate 
I  .  .|  Nitrate 


Cream  colour 


I" 

<  ■ 
I  Yrllow 


■Aft 


T  I 
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All  tlie  above  precipitates  appear  to  be  fcrrocyanat^a,  for 
treated  with  solution  of  potassa,  a  ferrocyanate  of  potasia  is  dfali 

754.  Borate  of  Iron  is  of  a  yellow  colour  and  insoluble.     It  is 
ed  by  adding  borate  of  soda  to  sulphate  of  iron. 

755.  The  salts  of  iron  are  mostly  soluble  in  water,  and  the  so* 
is  reddish  brown,  or  becomes  so  by  exposure  to  air.  It  affords  i 
precipitate  with  ferro-cyanate  of  potassa  ;  and  a  black  precipitate 
bydrosulphuret  of  ammonia.  Infusion  of  gidl-nuts  produces  a  bla 
deep  purple  precipitate.     The  hydiiodic  acid  occasions  no  cham 

756.  Of  the  alloys  of  iron,  tin-plate  is  the  only  one  of  conse^ 
It  is  made  by  dipping  clean  iron  plates  into  melted  tin.  The  p 
is  described  at  length  by  Mr.  Parkes.  (Quarterly  Jounui/,  Vol 
141.)  When  tin-plate  is  washed  over  witn  a  weak  acid,  the  cryM 
texture  of  the  tin  becomes  beautifully  evident,  forming  an  appei 
which  has  been  called  moiri  metallique. — Quarterly  Journal  of  Sb 
Vol.  V.  p.  368. 

757.  An  extremely  important  part  of  the  chemical  history  of  in 
lates  to  the  varieties  of  the  metal  which  are  found  in  commeice.   1 
are  much  too  numerous  to  be  dwelt  upon  here  ;  so  that  we  ihaU 
our  observations  to  the  principal  of  them  only,  which  are  md 
wrought  irony  and  steel. 

Of  cast  iron  there  are  two  principal  varieties  distinguished  bj 
terms  white  and  grey.  The  first  is  very  hard  and  brittle,  and,  i 
broken,  of  a  radiated  texture.  Acids  act  upon  it  but  slowly,  and  I 
bit  a  texture  composed  of  a  congeries  of  plates,  aggr^ated  in  vu 
positions. — Daniell,  Quarterly  Journal  of  Heience  and  Artif  VdL 
260. 

Grey  or  mottled  iron  is  softer  and  loss  brittle  ;  it  may  be  bored 
turned  in  the  lathe.  When  immersed  in  dilute  muriatic  acid,  ltd 
a  large  quantity  of  black  insoluble  matter,  which  Mr.  Daniell  coni 
as  a  triple  compound  of  carbon,  iron,  and  silicium,  and  which  has  i 
very  singular  properties.  The  texture  of  the  metal  resembles  ba 
of  minute  needles. 

Cast  iron  is  in  this  country  converted  into  wrought  iron  by  a  cs 
process,  called  puddling ,  The  ciist  iron  is  put  into  a  rcverben 
furnace,  and  when  in  fusion  is  stirred,  so  that  every  part  may  h 
posed  to  the  air  and  flame.  After  a  time  the  mass  heaves,  emits  a 
flame,  and  gradually  grows  tough  and  becomes  less  fusible,  and  atk 
congeals.  In  that  state  it  is  passed  successively  between  rollen 
which  a  large  quantity  of  extraneous  mutter  is  squeezed  out,  am 
bars  are  now  malleable.  They  are  cut  into  pieces,  placed  in  pare 
a  very  hot  reverberatory,  and  again  hammered  or  rolled  out  into 
They  are  thus  rendered  more  tough,  dexible,  and  malleable,  buti 
less  fusible,  and  may  be  considered  as  nearly  pure  iron. 

Analysis  shows  that  cast  iron  contains  oxygen,  carbon,  often  sal 
and  phosphorus,  either  silica  or  silicium,  and  it  appears  very  pro! 
that  calcium  exists  in  some  of  the  varieties. 

By  the  processes  of  puddling  and  rolling,  these  substances  arebi 
away  or  squeezed  out,  and  thus  malle.ibility  is  conferred  upon  tin 
tal  by  rendering  it  more  pure.  A  specimen  of  cast  iron  analyzi 
Berzelius  afforded  iron  91.53 — Manganese  4.57— Carbon  3.90. 

A  bar  of  wrought  iron,  when  its  texture  is  examined  in  the  i 
pointed  out  by  Mr.  Daniell,  presents  a  fascicuhted  appearance,  tl 
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^in  a  parallel  and  unbroken  course  throughout  its  Icogth. 
ttk  itnctnre  may  be  well  seen  by  tearing  a  bar  of  wrought  iron 


758.  Steel  k  a  compound  of  iron  with  carbon,  t}ie  proportions  being 

-^-"^    It  combines  the  fusibility  of  cast  with  the  malleability  of 

od  when  heated  and  suddenly  cooled  it  becomes  Fery  hard, 

EJIirapeiiority  for  the  manufacture  of  cutting  instruments.     If 

tbriloogtime  in  fusion,  it  loses  carbon  and  becomes  pure  iron. 
^  ■  k  comrerted  into  steel  by  a  process  called  cemetitation^  which 
Mitiil  heating  bars  of  the  purest  iron  in  contict  with  charcoal :  it 
Ipb  cniNMi  and  increases  in  weight,  at  the  same  time  acquiring  a 
ffmimxhct.  This,  when  dniwn  down  into  smaller  bars  and  beaten, 
ffl^lSkitt^;  and  this  broken  up,  heated,  welded,  and  again  drawn 
itirtl  km,  fcrms  ihear  tied.  EiiglUh  cast  steel  is  prepared  by  fusing 
ilRiirteelwith  a  flux  composed  of  carbonaceous  and  vitrifiable  in- 
tieirti,  CMtiog  it  into  ingots,  and  afterwards,  by  gentle  heating  and 
wUj  hwBcring,  giving  it  the  form  of  bars. 
M.  McHM.  St<^rt  and  Faraday  found,  that  by  intensely  heating 
R  sled  vilh  charcoal  powder,  a  carburet  ofiron^  of  a  dark  grey  co- 
lt, YeiyWtde  and  highly  crystalline,  was  formed,  which  aflforded, 
•nanljnSi 

94.36  iron 
5.64  carbon 


100 

Aflaiampoand,  which  was  frequently  made  and  afforded  the  same 
■beinalysis,  and  which  therefore  may  be  regarded  as  definite, 
pnportion  of  carbon  very  far  exceeds  that  in  steel,  so  that  the  lat- 
ii probably  a  compound  of  pure  iron  with  a  variable  proportion  of 
trae  carburet. 

W.  The  following  table,  drawn  up  by  Mr.  Mnshet,  shows  the  quan- 
1  of  charcoal  which  disappeared  during  the  conversion  of  iron  into 
iifferent  subcarbnrets  of  iron  known  in  commerce. — PhiL  Mag. 


nnreot]  abioTbed.  RESULTS. 

—U  soft  cast  steel 

-|j  common  cast  steel 

,J^  the  same,  but  harder 

^^  the  same  :  too  hard  for  drawing 

j'y  white  cast  iron 

^.»y  mottled  cast  iron 

-»y  black  cast  iron 

len  the  carbon  amounts  to  /^  of  the  whole  mass,  the  hardness  is 

itximum. 

.  Wootz  or  Indian  steel  is  truly  valuable  for  the  purpose  of  mak- 
fe  tools.  Its  peculiar  excellence  is  owing  to  combination  with  a 
!  portion  of  tlie  earths  alumina  and  silica ;  or  rather,  perhaps, 
he  bases  of  these  earths.  {Quarterly  Journal  of  Science,  vii., 
Whether  the  eivths  are  found  in  the  ore,  or  are  furnished  b^ 
iirible  used  in  making  the  steel,  is  not  certainly  known  ;  nor  id 


*; 


•V. 


\  more  accurate  as  well  as  convenient  method  i^  to  use 

1 


Jii  thennoincter  ;  the  hath  may  he  of  mercury,  or  of  the  fiisi 

?| .  of  leul.  tin.  and  hismuth,  or,  indeed,  of  any  fluid  whose  boil 

.  I  ■  not  much  under  (500® .     Into  this  bath  the  articles  to  be  te; 

'\  put,  together  with  the  bulb  of  a  thermometer  graduated 

J  boilina;  point  of  mcrcur^'.     The  corresponding  degrees  a 

*  various  colours  appear  are  from  430^  to  600**.     The  first* 

about  130*',  but  this  is  too  faint  to  be  distinajuished,  except  1 

♦!  .  ^on  with  another  piece  of  untempered  polished  steel.     At  4 

"V  lour  is  straw,  becoming  deeper  as  the  temperature  is  increasi 

the  colour  is  brown;  this  is  followed  by  a  red  tinge  wit) 
purple,  then  purple,  and  at  nearly  600°  it  is  blue. 

The  degrees  at  which  the  respective  colours  are  prod 
thus  known,  it  follows  that  the  workman  has  only  to  hea 
with  its  contents  up  to  the  required  point.  For  example,  ( 
blade  of  a  penknife  (or  one  hundred  of  them)  to  require  1 
they  are  sudered  to  remain  in  the  btitl)  until  the  mercury 
niometer  rises  to  4(iO^,  and  no  longer,  that  being  the  heat  a 
kuife  (supposing  it  to  be  made  of  the  best  English  cast  sU 


sufljcieutly  tempered. 


.  MM  *  The   advantages  attending  this  method  are  obvious  : 

'     -  *•  '  equally  applied  to  the  whole  ;  and  the  workman,  instead  of  i 

the  colour  of  each  blade,  has  only  to  observe  the  thermomi 
Some  recent  experiments,  proving  that  steel,  for  cert 
sufficiently  tempered  long  before  it  is  heated  to  produce  anj 
colour,  promise  to  give  additional  value  to  this  process  by  \ 
eter.  The  knife  edges  attached  to  the  pendulum  describ 
Kater,  P/ii7.  7Vf/ti5.,  1818,  p.  38.)  were  forged  by  Mr.  Stoc 
piece  of  fine  wootz.  They  were  carefully  hardened,  and  tem] 
bath  at  430**  ;  on  trial  they  were  found  too  soft.  They  wc 
time  hardened,  and  then  heated  to  2 1 2<>.     The  intention  was 
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if  snddion,  is  preyed  from  the  circumstince  that  when  steel  is  heated 
■dnfered  to  cool  under  mercury  or  oil,  none  of  the  colours  appear ; 
Mr  do  they  when  it  is  heated  in  hydrogen  or  in  nitrogen. 

%l  Steel  is  improved  by  combination  with  some  other  of  the  me- 
fab,fiKTniDg  valuable  alloys.  (See  Silver.)  They  seem  to  require 
HMi&rence  in  treatment  from  the  workman,  particularly  in  tern* 
|nig.-(2iuiHcriy  Journal  of  Science,  Vol.  xx.  p.  319. 


Section  X.    Zmc. 

..  Mk  Else  if  foand  in  the  state  of  oxide  and  of  sulphuret.  It  may  be 
jMncd  pvre  by  dissolving  the  zinc  of  commerce  in  dilute  sulphuric 
IBi,adiaBerBiiig  a  plate  of  zinc  for  some  hours  in  the  solution,  which 
•jltefiltmd,  decomposed  by  carbonate  of  potassa,  and  the  precipi- 
titeimiteivitli  charcoal  in  an  iron  or  earthen  retort. 

CoflUMiB  line  generally  contains  a  portion  of  lead,  copper,  iron, 
tncci  of aneoic  and  manganese,  and  a  little  plumbago  :  these  impuri- 
tiei  ran  in  the  form  of  a  black  powder  when  it  is  dissolved  in  dilute 
MUaiicacid. 

Aociia  bluish  white  metal,  specific  gravity  7,  malleable  at  300^, 
hi  itqf  brittle  when  its  temperature  approaches  that  of  fusion,  which 
■  thiikSSO^.     It  is  somewhat  ductile,  but  its  wire  possesses  little  te- 


Wk  (kide  of  Zinc  is  obtained  by  heatinfr  the  metal  expos^od  to  air. 
^indheat  it  takes  fire,  burns  with  a  bri<;ht  flame,  and  is  converted 
■toavfaiteflocculent  substance,  formerly  called  pompholix,  nihil  alburn^ 
fiikuplurs  woolj  aiud  flowers  of  zinc.  It  consists  of  34  zinc  +  8  oxy- 
fn*.  This  oxide  is  white,  t'isteloss,  and  soluble  in  the  alcalis.  As 
fveptred  by  combustion  it  contains  small  particles  of  the  met;d,  which 
rfww  render  it  gritty  ;  hence,  for  pharmaceutical  use,  it  is  best  pre- 
pred  by  precipitiitin^  solution  of  sulphate  of  zinc  by  ammonia,  an<l 
■■biiig  and  drying  the  precipitate.  It  is  sometimes  used  sis  a  pigment, 
kilfa  with  oil  and  water  ;  and  is  employed  in  medicine  as  a  tonic,  and  as 
■  external  application. 
787.  The  representative  number  of  zinc  ivas  obtained  by  dissolving 
00 grains  of  pure  zinc  in  nitric  acid,  evaporating  to  dryness  and  keep- 
f  the  re>idue  at  a  dull  red  heat  till  it  ceased  to  lose  weight :  122.75 
[aiu  of  oxide  of  zinc  were  thus  obt}iined,nnd  22.75  :  100  :  :  8  :  35.1. 
768.  Chloride  of  Zinc  is  formed  by  heating  leaf  zinc  in  chlorine,  or 
r  evaporating  muriatt*  of  zinc  to  dryness,  and  heating  the  residue  red- 
)lin  a  gla^s  tube.  It  h  a  fll^iblo  compound,  very  deliquescent,  and 
^uces  a  muriate,  of  zinc  by  the  action  of  water.  It  does  not  rise  at 
red  heat  in  close  vessels.  It  consists  of  36.5  zinc  -|-  36  chlorine, 
fbrmerlv  called  bnticr  of  zinc. 


'  This  is  drHuTfi  iV(»sn  TlinmRin's  latr  e\p«  rimonts  (spt*.  Ann.  Ph.  \ol.  17,  for  April  VMl) 
f  ka*  ber-n  sw,-«n  ilvirwluiv  tliat  8  and  not  7.5  is  the  rc»pnescntati»c  iminbcr  of  o\vj;tM!, 
llow»  that  ,<i  *',t  DuiiiLf  r  df'duci'ci  from  Ur.iitd*i<  data  ran  not  be  rorrt-rt  but  if  we  nMrclv 
llitulc  fi.  itx  T  * .  /*ji  n  ;1  Ir  .',:>  which  doe^-  not  ajrve  witli  tlie  coniiJosition  by  Thoin- 
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The  attraction  of  zinc  for  chlorine  is  very  great,  and  this  metal  aa^ 
therefore  oAen  be  employed  for  separating  chlorine  from  other  coiAi- 
n  at  ions. 

760.  Chlorate  of  Zinc  crystallizes  in  octoedra,  and  is  a  rerj  soh- 
ble  salt. 

770.  Muriate  of  Zinc  is  very  soluble  and  difficultly  cryi taUUbk : 
heated  in  the  air  it  loses  muriatic  acid  and  leaves  oxide  of  sine  :  n  a 
close  vessel  it  loses  water  and  leaves  chloride  of  zinc. 

771.  Iodine  and  Zinc  readily  combine,  and  produce  a  fufible,  voh- 
lile,  and  crystalline  compound,  which,  when  exposed  to  air,  dellqacf- 
ces  into  hydriodate  of  zinc. 

The  iodide  consists  of  34  zinc  +  125  iodine  ;  and  the  hjdriodilft 
may  be  regarded  as  consisting  of  one  proportional  oxide  of  zinc  sb  4fi 
+  one  proportional  hydriodic  acid  =  126. 

772.  lodate  of  Zinc. — When  iodate  of  potassa  is  added  toaolatioAof 
sulphate  of  zinc,  it  forms  an  insoluble  iodate  of  zinc. 

773.  Nitrate  of  Zinc  is  a  deliquescent  salt,  which  crystallizes  with 
difficulty  in  four-sided  prisms.  They  are  copiously  soluble  io  witer 
and  alcohol,  and  consist  of 

42  oxide 

54  nitric  acid 

96 

774.  Liquid  ammonia  readily  dissolves  oxide  of  zinc,  andtmictl 
upon  the  metal.  The  concentrated  solution  of  the  oxide  fimidiei 
feathery  crystals  ;  it  is  decomposed  by  the  acids,  and  the  immenkmof 
a  plate  of  copper  causes  a  precipitation  of  part  of  the  zinc,  the 
nia,  acquiring  at  the  same  time  a  blue  colour. — De  LASsovSy 
de  Chiinie^  xxxv.  53. 

775.  Sulphuret  of  Zinc  exists  native  under  the  name  of  BkmdM,  %  l 
may  be  formed  artificially  by  heating  oxide  of  zinc  with  sulphur,  mL  if 
i.'^  then  of  a  yellow  brown  colour.  It  consists  of  34  zinc  -f"  1^  s^ 
phiir. 

Blende  is  a  brittle  soft  mineral,  of  different  shades  of  brewi  ml^ 
black.     Its  primitive  form  is  the  rhomboidal  dodecaedron.     It  qsimI^; 
contains  traces  of  iron  and  lead.     It  is  an  abundant  mineral,  and  i 
portant  as  a  source  of  the  pure  metal,  which  is  obtained  by  roasting  th% 
ore,  and  afterwards  exposing  it  to  heat  in  proper  distillatory  vesM 
mixed  with  charcoal  (783).     The  Enghsh  miners  call  it  black  jadL 

776.  Hyposulphite  of  Zinc  was  formed  long  ago  by  Fourcroy,  ivhii| 
i:onsidered  it  as  a  sulphuretted  sulphite.  He  formed  it  by  digesting  mddk^j 
lie  zinc  in  sulphurous  acid,  sulphuretted  hydrogen  is  disengaged,  mf^-i 
hy  gentle  ctaporation  crystals  are  obtained,  which  are  to  be  digesllik^ 
in  alcohol ;  this  liquid  dissolves  the  hyposulphite,  and  affords  it  in  pril*^*^ 
malic  crystals.  A  mixture  of  oxide  of  zinc  and  sulphur  treated  by  mI^/^ 
phurous  acid  affords  the  same  salt ;  it  is  efflorescent,  and  easily  df-  •*< 
4'omposed  by  heat. — Fourcroy,  Syst^me  des  connoissancet  Chymiguittf*^  i 
:J80.  %j 

777.  Sulphite  of  Zinc  is  easily  formed  by  dissolving  the  osride  in  sol-  M 
phurous  acid  ;  it  is  more  easily  crystallizable  than  the  hyposulphiiet 
and  is  insoluble  in  alcohol. 

778.  Sulphate  of  Zinc, ^^The  metal  is  readily  oxidized  and  dissolved'^ 
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nilpbiric  acid,  hydrogen  gas  is  giyen  off,  and  a  transparent 
sohitjon  of  sulphate  of  zinc  results,  which,  by  evaporation, 
ratals  in  the  form  of  four-sided  prisms,  terminated  by  four- 
mids. 

It  is  soluble  in  2.6  parts  of  water  at  60^.  It  consists  of  1 
al  of  oxide  =  42+1  proportional  of  acid  =  40.  Its  crys- 
a  7  proportionals  of  water  =  63.  Sulphate  of  zinc  is  pre- 
the  purposes  of  the  arts  from  the  native  sulphuret,  and  is 
the  form  of  a  white  amorphous  mass,  called  white  vitriol. 
Mphate  of  Zinc  is  found  at  Holywell  in  Flintshire,  and  iu 
es  where  the  sulphuret  of  zinc  occurs ;  it  is  probably  the 
le  decomposition  of  that  ore. 

oaakuret  of  Zinc  is  a  brilliant  lead-coloured  compound. 
iitner  Hgpophosphite  nor  Phosphite  of  Zinc  have  been  ex- 

o^fkaie  of  Zine  is  not  crystallizable.  It  may  be  obtained 
Off  sine  m  phosphoric  acid,  and  evaporation  to  dryness.  A 
w  zinc  is  also  precipitated  upon  the  addition  of  phosphate 
I  aiil^liate  of  zinc.  These  salts  have  not  been  precisely  ex- 
nt  it  M  probable  there  is  a  phosphate  and  a  bi-phosphatc  of 

ftonaU  of  Zinc  occurs  native,  forming  one  of  the  varieties 
eral  called  calamine.  It  may  be  formed  by  adding  carbonate 
to  sulphate  of  zinc.  It  consists  of  42  oxide  of  zinc  -(-  2S 
ad  =s  64.  It  is  white  and  tasteless. 
nitive  form  of  calamine,  which  occurs  both  crystallized  and 
an  obtuse  rhomboid.  It  is  often  found  investing  carbonate 
liich  has  sometimes  been  decomposed,  and  the  calamine  re- 
Meudo-crystals.  This  mineral  abounds  in  Somersetshire, 
and  Derbyshire.  A  beautiful  variety,  coloured  by  carbo- 
)per,  is  found  at  Matlock.  A  variety  of  calamine,  contain- 
IS  earth,  is  known  by  the  name  of  electric  calamine y  from  its 
r  becoming  electrical  when  gently  heated. 
le  zinc  of  commerce  is  procured  from  the  native  sulphuret 
:alamine  by  the  following  process.  The  ore  is  first  picked 
I  into  small  pieces,  and  then  submitted  to  a  dull  red  heat  in 
atory  furnace,  by  which  carbonic  acid  is  driven  off  from  the 
and  sulphur  from  the  blende.  It  is  then  washed,  ground, 
iriily  mixed  with  about  one  eighth  its  weight  of  powdered 
This  mixture  is  put  into  large  earthen  pots,  not  unlike  oil 
'  which  are  usually  placed  in  a  circular  furnace  ;  each  pot 
tube  passing  from  its  lower  part,  through  the  floor  of  the 
id  dipping  into  water ;  they  are  every  where  else  firml} 
m  the  application  of  a  red  heat,  the  metal  distils  through  the 
he  water  beneath,  whence  it  is  collected,  melted,  and  ca^^i 

rate  of  Zinc  is  an  insoluble  white  powder. 

rrocyanate  of  potassa  produces  a  yellowish  white  precipitate 

i  of  zinc. 

le  salts  of  zinc  are  mostly  soluble  iu  water,  and  the  solutions 

leas  and  transparent :  they  are  not  precipitated  by  hydriodic 

aasa,  soda,  and  ammonia,  form  white  precipitates,  soluble  ip 

Sie  alcali,  and  sulphuric  acid.     Hydrosulphuret  of  ammonia 
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-    ^:  f*   .  T-V -.^i^h  while  precipitate.     The  soluble  phoi 
. irx  i: . : -^ r    inii  -oriles,  produce  white  precipitates. 

—    .1..  ^%i  *'*  Zinc. — With  potassium  and  sodium  zinc  forms 

III-  «     decomposable  by  exposure  to  air  and  water.     Its  all 

m^':'^  .!*-^  i>  unknown.  *  With  iron  it  forms  a  white  and  somewl 

tr-i.io  ui'%.  which  i?  diffcult  to  form  ;  but  if  plates  of  hot  iron 

?•!  .!iio  :nei*.tid  unc.  they  acquire  the  appearance  of  tin-plate. 


Section  XI.     Tin. 

788.  This  metal  has  been  known  from  the  remotest  i^. 
m  common  use  in  the  time  of  Moses,  and  was  obtained  at  a  wti 
period  from  Spain  and  Britain,  by  the  Phoenicians. — Flint,  lib. 
34,  and  xxxiv.  cap.  47. 

The  native  oxide  is  the  principal  ore  of  tin ;  the  metal  it  o 
by  heating  it  to  redness  with  charcoal.  *  The  process  is  deicr 
length  in  A] kin's  Dictionary y  {Art,  Tin.) 

Tin  has  a  silvery  white  colour ;  it  is  malleable,  though  ip 
ductile.  Specific  gravity  7.30.  It  melts  at  440^,  and  by  apoi 
heat  and  air  is  gradually  converted  into  a  white  peroxide.  Pkce 
ignited  charcoal  under  a  current  of  oxygen  gas,  it  bums  va 
liantly. 

789.  A  preparation  under  the  name  of  powdered  tin  h  son 
directed  to  be  prepared  for  pharmaceutical  use,  by  shaking  the 
metal  in  a  wooden  box  rubbed  with  chalk  on  the  inside  :  tin^i1l^ 
also  a  place  in  some  Phammcopma,  and  have  been  used  as  a  ver 
These  preparations  are,  however,  both  dangerous,  the  mets 
rendered  poisonous  in  the  former  case  by  slight  oxidation,  (( 
Trait i  des  Poisons ,  T.  i.  2me  partic,  p.  18.)  and  often  creatii 
dangerous  irritHtion  when  given  in  tilings. 

790.  Protoxide  of  Tin  is  obtained  by  precipitating  protomu 
tin  by  ammonia ;  it  falls  in  the  state  of  hydrate  ;  when  dried,  i 
grey  colour,  and  undecomposable  by  heat.  It  dissolves  in  the 
exposed  to  heat  .and  air  it  passes  into  the  state  of  peroxide,  und 
a  faint  combustion.  Its  ammoniacal  solution,  when  long  kept,< 
metsUlic  tin  in  arborescent  crystals,  and  becomes  a  solution  of 
roxidc. 

791.  Peroxide  of  Tin  is  formed  by  treating  the  metal  with  nitr 
there  is  a  violent  action  attended  by  the  formation  of  nitrate  ol 
nia.  (287).  Scarcely  any  of  the  metal  is  dissolved,  but  remai 
yellowish  powder,  which  may  be  puriiied  by  washing.  It  is  al! 
ed  by  heating  tin  tilings  with  red  oxide  of  mercury  ;  and  by  pr 
a  sutficient  quantity  of  nitre  upon  red-hot  tin.  T^his  oxide'diss 
ihe  alcalis.  Fused  with  glass  it  fonna  White  Enamel.  Heated  it 
!i  becomes  insoluble  in  acids,  and  undergoes  fusion. 

The  substance  called  Tin  Putty,  is  an  oxide  of  tin  formed  by 
J;;  the  crusts  of  oxide  that  form  upon  the  metal  when  kept!) 
*iiic  m  fusion. 

4^.  .Vartve  Oxide  of  Tin  is  found  in  Cornwall ;  in  Spain ; 
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:  ithM  abo  been  fonnd  in  Brittany,  in  France  ;  in  the  East  In- 
nd  in  South  America.  The  specific  gravity  of  the  native  oxide 
to  primitive  crystal  is  an  obtuse  octoedron,  of  which  the  modiii- 
ireeitreinely  numerous.  fW.  Phillips,  Geological  Transac- 
oL  ii.)  In  some  of  the  valleys  of  Cornwall,  tin  is  found  in 
1  nodules,  of  various  sizes,  mixed  with  pebbles  and  rounded 
itaofroclu.  To  separate  the  tin  from  the  alluvial  matter,  cur- 
f  water  are  passed  over  it,  and  hence  these  deposits  have  been 
tnmTorhy  and  the  tin  ore,  iff  ream  tin.  One  of  the  most  ex- 
of  these  is  a  branch  of  F:ilmoulh  Harbour, 
ttcition  of  stream  tin  is  called  zvood  tin.  It  usually  appears  in 
■ded  fragments  of  globular  masses. 

The  Dumber  representing  tin  is  59.  The  protoxide  consists  of 
Moiygen.  The  hydrate  of  67  protoxide  +  9  water ;  and  the 
iftrfWtin  +  16  oxygen.  These  numbers  are  deduced  from 
nnte  analyses  of  Dr.  John  Davy  (PhiL  Trans.  1812)  and  Iff. 
■K.  [AmuileM  de  Chimie,  Ixxx. )  The  protoxide  of  tin,  accord- 
o&HwKchemisls,  coni^isting  of  100  tin  -|-  13.5  oxygen;  and 
Bii^,wcordingto  John  Davy,  of  100  tin  +  60.71  chlorine. 
Qkriii  of  Tin  is  procured  by  heating  together  an  amalgam  of 
crioael;  or  more  simply  by  heating  protomuriate  of  tin  in  a  re- 
it  Ami;  it  is  a  grey  semi-transparent  crystalline  solid,  which 
'■vater,  forming  a  protomuriate  of  tin  ;  it  is  volatile  at  a  red 
»C0Briatfl  of  59  tin  +  36  chlorine.  Heated  in  chlorine  it  bums 
cHoide  of  tin. 

Vlii  be  heated  in  chlorine,  or  if  amalgam  of  tin  be  distilled 
nire  sublimate,  a  perchhride  is  obtained.  The  best  propor- 
•nparts  of  tin,  previously  combined  with  one  of  mercury,  and 
!f  mixed  with  thirty  of  corrosive  sublimate.  The  mixture  is 
I  glass  retort  with  a  sufliciently  capacious  receiver  luted  to  it, 
<ie  distilled  over  a  small  charcoal  fire.  The  boat  should  be 
lised  to  prevent  too  sudden  action.  Towards  the  end  of  the 
I  little  chloride  rises,  which  the  old  chemists,  from  its  consis- 
I  appearance,  called  Btitter  of  Tin.  It  is  a  transparent  colour- 
and  when  poured  into  water,  is  instantly  converted  into  per- 
f  tin.  It  consists  of  59  tin  +  72  chlorine.  It  was  formerly 
lar/ttj-«  Fumijig  Liquor :  it  exhales  copious  fumes  when  ex- 
1  moist  air,  and  produces  muriatic  acid  and  oxide  of  tin.  It  is 
decomposed  by  metallic  zinc,  forming  chloride  of  zinc  and  a 
e  of  mcudlic  tin. 

Horate  of  Tin  has  not  been  examined. 

he  Protomuriate  of  Tin,  used  by  dyers,  may  be  obtained  by 
e  part  of  tin  with  two  of  muriatic  acid.  This  solution  quick - 
I  oxygen  from  the  air  and  from  several  compounds,  and  if  ad- 
Main  metallic  solutions,  revives  or  deoxidizes  them.  With 
Fgold  it  produces  a  purple  precipitate  used  in  painting  porce- 
Bown  under  the  name  of  Purple  of  Cassius.  It  crystallizes 
mcentrated  solution  in  small  deliquescent  needles.  VVith 
'  cochineal  it  produces  a  purple  precipitate.  This  muriate 
e  Sal  Javis  of  old  writers,  Jupiter  being  the  name  by  which 
lists  distinguished  this  metal. 

lotassa  is  added  to  muriate  of  tin,  a  submuriate  of  the  prg- 
jrown  down,  containing,  according  to  J.  Davy, 

K  K 


CADMIUM. 


S9» 


iunUed  Oxide  of  Tin  in  yellow  brown,  aad  fonned 
of  sulphuretted  hydrogen  into  dilute  muriate  of 

^  *  .^ihurtt  o^  TVa  may  be  formed  by  dropping  phosphonif  into 
^:!  It  is  01  a  Mlvery  colour,  sectile,  and  somewhat  ductile. 
r  filing?  are  sprinkled  upon  hot  coals  the  phosphorus  buma. 
fhotpkiie  of  Tin  has  not  been  examined. 
Fko^^kaie  of  Tin  is  formed  by  adding  phosphate  of  soda  to  the 
■  «f  tin.  It  is  a  white  powder,  not  soluble  in  water,  and  fuses 
thnt  into  an  opaque  white  enamel. 

CMoMOfe  of  Tin. — When  carbonate  of  potassa  is  added  to  pro- 
(B  of  tin,  a  white  precipitate  ensues,  which,  when  washed  and 
■fairraces  copiously  with  the  acids. 
rtnuU  of  Tin  is  an  insoluble  white  powder. 
^Arrocyanate  of  potassa  produces  a  white  precipitate  in  solu- 
^iiuiite  of  tin. 

r  The  salts  of  tin  are  mostly  soluble  in  water.  They  are  pre- 
A  if  an  orange  colour  by  hydriodic  acid,  and  by  hydrosulpha- 
MWM^  provided  no  excess  of  acid  be  present.  Solution  of 
\4lmMf  and  of  corrosive  sublimate  produce  purple  and  black 
llifhe  salts  of  tin  containing  the  protoxide,  but  none  in  those 
"  \feroiude. 
of  Tin.— With  potassium  and  sodium  tin  forms  brittle 
lis  alloy  with  manganese  is  not  known.  It  does  not  rea* 
with  iron,  but  tin-plate  (756)  may  be  considered  as  an  im- 
of  those  metahi.    With  zinc  it  forms  a  hard  brittle  alloy. 


Section  XII.     Cadmium, 

This  metal  is  contained  in  certain  ores  of  zinc,  and  especially 
iiaek  fibrous  Blende  of  Bohemia.  It  may  be  procured  by  di- 
ke ore  in  muriatic  acid,  by  which  a  mixed  muriate  of  zinc  and 
I  is  obtained :  it  should  be  evaporated  to  dryness,  and  re-dia- 
1  water.  If  cadmium  be  present,  the  solution  affords  a  bright 
recipitate  with  sulphuretted  hydrogen  ;  and  upon  immersing 
plate  of  zinc,  metallic  cadmium  is  precipitated,  which  may  be 
»  a  button  in  the  usual  way. 

■plest  method  of  detecting  cadmium  is  the  following,  devised 
FoUaston.     Digest  the  ore  in  muriatic  acid,  filter,  and  evapo- 

Saess  :  re-dissolve  the  dry  mass  in  water,  filter,  and  put  a 
iron  into  the  clear  solution  to  precipitate  all  metals  thus  se- 
;  flier  again,  and  immerse  a  cylinder  of  zinc,  which  will  throw 
Mlic  cadmium,  and  which,  when  re-dissolved  in  muriatic  acid 
ib  peculiar  characters. 

rhe  physical  properties  of  cadmium  closely  resemble  those  of 
pecific  gravity  is  8.G3.  It  fuses  and  volatilizes  at  a  tempera- 
tle  below  that  required  by  tin.  Air  does  not  act  upon  it  ex? 
B  heated,  when  it  forms  an  orange-coloured  oxide,  not  vola- 
eaaily  reducible. 


13b  COrFLR    AND    OXVGLN. 

819.  Oxide  of  Cad  mi  vm  readily  dis>solvcs  in  acids  ;  it  is  precipitaMJ 
by  (iotiis<ia  in  the  «tntc  of  a  wliiip.  bydratcd  oxide,  soluble  in  aimsMi^'s 
Sulphuretted  hydrogen  forms  a  yellow  precipitate  in  thesolutintf'fj 
cadmium,  and  zinc  throwti  down  metallic  cadmium. 

From  the  experimentt*  of  Mr.  Children,  it  appears  that  the 
contains 

Cadmium 88 

Oxygen  8 

Consequently,  the  representative  number  of  the  metal  will  W  8lr-  : 

The  other  compounds  of  cadmium  have  scarcely  been 


Section  XIII.     Copper. 

820.  This  metal  is  found  native,  and  in  various  states  of  eOBhHKJ 
lion.  Of  its  ores,  the  oxide,  chloride,  sulphuret,  sulphate,  phMptwh,-] 
carbonate,  and  arseniate,  are  the  most  remarkable.  The  metriaif  bt^ 
obtained  perfectly  pure  by  dissolving  the  copper  of  commeicc  UiMi».| 
riatic  arid  ;  the  solution  is  diluted,  and  a  plate  of  iron  is  immenedmBi 
which  the  copper  is  precipitated.  It  may  be  fused  into  a  l»lti»,  aner] 
having  been  previously  washed  in  dilute  sulphuric  acidtotepniteej 
little  iron  that  adheres  to  it.  j 

It  was  known  in  the  early  ages  of  the  world,  and  was  the  pnadfrfl 
ingredient  in  domestic  utensils,  and  in  the  instruments  of  war,  preTiMi^ 
to  the  discovery  of  malleable  iron.  The  word  copper  is  deriyed  fiW-^ 
the  island  of  Cyprus,  where  it  was  first  wrought  by  the  Greeks.         ' 

P21.  Copper  has  a  fine  red  colour  and  much  brilliancy  ;  it  isTCIJi 
malleable  and  ductile,  and  has  a  peculiar  smell  when  warmed  or  n&"* 
bed.  It  melts  at  a  cherry  red  or  dull  white  heat.  Its  specific  ffvAfi 
is  8.89.  Under  a  llaine,  urged  by  oxygen  gas,  it  takes  fire»  and  bom! 
with  a  beautiful  green  light.  . 

822.  Exposed  for  a  long  time  to  damp  air.  copper  becomes  cortnib 
ivith  a  thin  greenish  crust  of  carbonate.  If  heated  and  plunged  into«a>c 
ter,  a  quantity  of  reddish  scales  separate,  consisting  of  an  imperftf 
oxide.  The  same  scab's  fly  otf  during  cooling  from  a  plate  of  the  ■•* 
tal  which  has  been  heated  red  hot. 

823.  J^ative  Cupper  occurs  in  a  variety  of  forms  ;  massive,  dendriliSi 
granular,  and  crystallized  in  cubes,  ortoedra,  «("C.  It  is  found  in  Coo^ 
wall,  Siberia,  Saxony,  Hanover.  Sweden,  and  America;  chiefly,  W 
not  exclusively,  in  primitive  rocks. 

824.  Copper  and  Orygcn. — There  arc  two  oxides  of  copper.  Th< 
red  or  Protoxide  occurs  native.  It  may  be  formed  artificially,  by& 
gesting  a  mixture  of  metallic  copper,  and  peroxide  of  copper,  in  nA 
riatic  acid.  When  potassa  is  added  to  this  solution,  a  hydrated  pnta^ 
ide,  of  an  orange  colour,  fulls  ;  if  quickly  dried  out  of  the  contact  fl 


*  In  a  subsequent  part  of  this  work  Braiidc  ginrs  t)ic  atom  of  Ciidniiuin  =:  HQJ 
oaiiivnlrnt  he  also  introduces  into  his  tables,  tw  article  Cadniiuni,  wction  nii.  and  the  taU^ 
1  nis  52.3  nctiuircs  to  be  altcrtd  to  05.8  (iicaxlv)  so  as  to  bo  pro^iortional  to  8  oxveen,  iostc' 
of  7.5. 
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Gir,  k  becomes  of  a  red  brown  :  it  consists  of  64  copper  +  8  oxy- 

•S5.  The  Naiivt  Protoxide^  or  Ruby  Copper ^  is  of  a  red  or  steel-grey 
*      ,  woii  and  brittle,  and  occurs  massive,  and  crystallized  in  octoedra, 
,  and  cabes.     There  is  a  beautiful  variety  in  fine  capillary 
;  and  another,  which  is  compact  and  earthy,  called  Tile  Ore, 
Conwril  abounds  in  fine  specimens  of  this  ore. 

t86L  Peroxide  of  Copper  is  procured  by  precipitating  nitrate  of  cop- 

Kly  poCassa,  washing  the  precipitate  and  exposing  it  to  a  red  heat. 
Unck,  and  consists  of  64  copper  -f-  16  oxygen  =  80. 
tt7.  The  composition  of  this  oxide  is  learned  by  dissolving  100 
'ai  of  pore  copper  in  nitric  acid,  evaporating  to  dryness,  and  giving 
Rfidoe  a  red  heat  in  a  porcelain  crucible  ;  it  is  peroxide  of  cop- 
per, and  weighs  125  grains  :  considering  this  as  a  compound  of  1  pro- 
portumal  of  copper  and  2  of  oxygen,  the  number  64  will  represent  the 
tadd;  for,  25  :   100  :  :   16  :  64. 

f    1W  grains  of  pure  native  protoxide  of  copper  in  octoedral  crystal;? « 
SBasoilred  in  muriatic  acid,  furnished  a  precipitate  of  89  grains  of  me- 
ic  copper  vpon  a  plate  of  iron,  so  that  the  protoxide  consists  of  89 
^11  oxygen;  and  11  :  89  : :  8  :  64.7. 
bia  BOBber  closely  accords  with  that  derived  from  the  analysis  of 
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t  •  9tSm  Copper  and  Chlorine. — Gaseous  chlorine  acts  upon  copper  witli 
ipeit  energy,  and  produces  two  chlorides  ;  the  one  a  fixed  fusible  sub- 
.ttnces  which  is  the  protochloride,  consisting  of  1  proportional  of  cop- 
^/Ifer^  04+1  proportional  of  chlorine  =  36.  The  other  a  volatile 
^yjbiii  sabetance,  which  is  a  perchloride,  and  contains  64  copper  -f- 
'^  chlorine. 

829.  The  Protochloride  of  Copper  was  first  described  by  Boyle  in 
11666,  under  the  name  of  Rosin  of  Copper.  It  may  be  obtained  by  ex- 
posnig  copper  filings  to  the  action  of  chlorine  not  in  excess  ;  or  by 
^etaporating  the  protomuriate,  and  heating  the  residue  in  a  vessel  with 
^^■avery  small  orifice  ;  or  by  heating  the  perchloride  in  the  same  way. 
'  his  also  the  residue  of  the  distillation  of  a  mixture  of  two  parts  of  cor- 
^^ssiTe  sublimate  and  one  of  copper  filings.  It  is  insoluble  in  water. 
^%lt  soluble  in  muriatic  acid,  from  which  potassa  throws  down  a  pro- 
^'taide.  When  water  is  added  to  its  muriatic  solution  it  is  precipitated 
"  teahered  ;  its  colour  varies,  being  generally  dark  brown  ;  but  if  fused 
[  ad  slowly  cooled,  it  is  yellow,  translucent,  and  crystalline. 

830.  When  moistened  chloride  of  copper  is  exposed  to  air  it  ac- 
^res  a  greenish  white  colour,  and  becomes  converted  into  a  subper- 
muriete  of  copper.  The  same  compound  may  be  formed  by  adding  hy- 
dnled  peroxirle  of  copper  to  a  solution  of  the  permuriate  ;  or  by  ex- 
posing to  the  atmosphere  slips  of  copper  partially  immersed  in  muria- 
tic arid.    This  compound  consi?<ts  of 

2  proportiontds  peroxide  of  copper  80  X  2  =  160 

1 muriatic  acid 37 

'i water 18 

215 

B.11.  Prrchlorith  of  Copper  may  be  formed  by  dissolving  pcroxid«r 
•'f  ropppr  in  muriatir  ari*!.  and  evaporating  to  dryness  by  a  heat  below 
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change  by  mere  exposure  to  air,  but  it  is  slowly  corrodec 
agency  of  air  and  water.    Exposed  upon  ignited  chaktUM! 
of  oxygen  gas,  it  bums  with  a  blue  flame,  throwing  off 
fumes  of  oxide.    The  alchymists  gave  this  metal  the  nam 

872.  Oxides  of  Lead. — ^There  are  three  oxides  of  leai 
toxide  is  the  basis  of  the  salts ;  it  may  be  obtained  pure  I 
nitrate  of  lead  to  redness  in  a  vessel  with  a  small  orifice, 
of  the  acid  is  expelled.  It  is  insipid  and  insoluble  in  wa 
yellow  colour,  and,  when  fused,  crystallizes  on  cooling 
scales.  It  is  volatile  at  a  bright  red  heat.  It  is  very  so 
tions  of  potassa  and  soda  ;  and  when  in  fusion,  it  readil} 
veral  of  the  earthy  bodies,  and  of  the  common  metallic  c 
the  use  of  lead  in  cupellaiion.  (885).  If  it  be  considerei 
ide,  consisting  of  one  proportional  of  lead  and  one  of  ox] 
number  104  (deduced  from  the  mean  of  the  best  analyse 
sent  lead,  and  it  will  consist  of  104  L.  +  ^  oxygen, 
known  in  commerce  under  the  name  of  massicot ;  or  vi 
as  obtained  by  calcining  lead  upon  a  large  scale,  it  is  calh 

When  melted  lead  is  exposed  for  a  time  to  the  air,  il 
crusted  witli  a  grey  pellicle,  which,  on  removal,  is  sno 
other,  and  so  on  until  the  whole  is  converted  into  a  green 
der,  consisting  of  a  mixture  of  the  protoxide  with  meUill 

873.  If  the  protoxide  be  exposed  to  heat  and  oxygei 
acquires  a  bright  red  colour,  and  is  known  under  the  nai 
or  deutoxiih  of  lead.  This  oxide,  when  exposed  to  niti 
solved  into  protoxide,  which  is  dissolved,  and  into  ptra 
an  inEtoluble  brown  substance,  consisting  of  104  L.  - 
When  peroxide  of  lead  is  heated  it  gives  out  half  its  oi 
comes  yellow  protoxide. 

Minium  afTords,  on  analysis  104,  L.  +  12  oxygen,  and  m 
be  regarded  as  a  definite  compound  of  the  protoxide  and  ] 

The  minium  or  red  lead  of  commerce  generally  contain 
of  protoxide  and  of  sulphate,  with  traces  of  chloride  of  lead  i 
succeed  in  obtaining  it  of  a  fine  red  tint,  it  requires  to  be 
in  quantities,  and  with  several  precautions.     The  method 
Perbyshire  is  described  in  Watson's  Chemical  Essays ^  Vt 

874.  A  substance  supposed  to  be  imtive  minium^  has  1 
some  of  the  Sa^on  and  French  lead  mines,  also  in  Yorksh 

875.  Lead  and  Chlorine, — Chloride  of  Lead,  When  lam 
heated  in  chlorine,  the  gas  is  absorbed,  and  a  chloride  of 
composed  of  104  L.  +  36  C.  (J.  Davy,  Phil.  JVans.,  1812. 
substance  is  olttained  by  adding  muriatic  acid  to  nitrate 
white  and  fusible,  and  on  coohng  forms  a  hornlike  substan 
eorneum.)  It  volatilizes  at  a  high  temperature.  It  dis 
parts  of  water  at  60<>  ;  is  more  soluble  in  boiling  water,  i 
its  solution  cools,  in  small  acicular  crystals,  unchanged  Ir 
jgiir,  and  of  a  sweetish  taste.     It  dissolves  in  dilute  nitric  ac 

876.  This  substance  is  sometimes  prepared  by  acting  u| 
of  common  »dt  by  litharge  ;  solution  of  sqda  and  chlorid 
formed  ;  the  insoluble  residue  when  fused  is  known  un< 
of  patent  yellow ;  it  appears  to  be  a  compound  of  oxide  an 
of  lead,  for  when  treated  by  nitric  acid,  it  forms  nitrate  c 
portion  of  cbloridie  separata. 


COPPER   PYRITES.  03 

*'  i-  M 

^^'liai'B^t^^aolotion,  a  bulky  blue  precipitate  of  hydrated  per- 
^.^jp*Mirf''W«'i  which,  when  boiled  in  pota9«a  or  soda,  becomes  black 
aT/V  iMMwlonof  itB  combined  water. 

tti  When  ciystals  of  nitrate  of  copper  are  coarsely  powdered, 
tptaWwithahttle  water,  and  quickly  rolled  up  in  a  Hheet  of  tin- 
lEi^  tell  great  heat  produced,  nitrous  gas  is  rapidly  evolved,  and 
'ofien  takes  fire. 


r. 


n  K  aamonia  be  added  to  solution  of  nitrate  of  copper,  it  occa« 
dtarapecjpitate  of  the  hydrated  peroxide  ;  but  if  it  be  added  in  ex- 
Mi^  Ik  precipitate  is  re-dissolved,  and  a  triple  ammonto-nitrate  of 

Iipervade  of  copper  be  digested  in  ammonia  it  is  dissolved, 

tai$g  a  bright  blue  solution,  which  by  careful  evaporation  affords 

MmthBerjsih.    A  mixture  of  lime,  sal  ammoniac,  and  water,  placed 

iMctpper  TCisel,  or  mixed  with  oxide  of  copper,  also  affords  a  fine 

iltoiqvior  in  eonseqaence  of  the  action  of  the  ammonia  on  the  oxidt? 

^iimfptr.    Thia  solution  is  the  Aqua  Sapphirina  of  old  pharmacy. 

Sh»  c— ipoimd  has  sometimes  been  called  Ammoniuret  of  Copper ^  or 

841.  The  protoxide  of  copper  also  dissolves  in  ammonia,  but  the  so- 

libiM  k  ooloarlesa ;  if  it  be  exposed  to  air  it  becomes  blue.     This  may 

W  weUifcvtni  by  ^linga  tall  glass  with  liquid  ammonia,  and  adding  a 

of  solution  of  protomuriate  of  copper  ;  the  liquid  presently 

a  blve  colour  upon  the  surface,  but  remains  for  some  time  co- 

below. 

tit.  Pktea  of  copper  digested  in  a  solution  of  muriate  of  ammonia, 

•00a  incnuted  with  a  green  powder,  which  has  been  used  in  the 

ailivBder  the  name  of  Brunswick  green, 

843.  Copper  and  Sulphur. — There  are  two  sulphurets  of  copper. 
Ml  of  which  exist  native  ;  the  one  is  black,  and  may  be  formed  arti- 
kully,  by  heating  a  mixture  of  copper  filings  and  sulphur  :  as  soon  as 
Ihe  latter  melts  a  violent  action  ensues,  the  copper  becomes  red  hot. 
hydrogen  escapes,  and  a  black  brittle  body  is  formed,  consisting  of  SA 
cmer  4-  16  sulphur*. 

The  bi-9ulphuret  is  a  common  ore  of  copper,  cvAXed  pyrites.  It  ron- 
■to  of  64  copper  +  32  sulphur,  and  is  of  a  golden  yellow  colour. 

644.  The  JVoftve  Bla^k  Sulphuret  of  Copper  is  principally  found  in 
(Mitive  countries.  In  England,  it  occurs  m  great  beauty,  crystilliz- 
ci  nd  mamive,  in  Cornwall,  and  in  Yorkshire.  Its  colour  is  grey  ;  it« 
hrtre  abiniDg  and  metallic,  and  it  yields  easily  to  the  knife.  lt»  primi- 
life  fetm  is  a  six-sided  prism,  which  passes  into  the  dodecaedron  with 
triaagnhir  faces,  and  various  modifications  of  it. 

Avtfiety  of  black  sulphuret  of  copper,  containing  iron  and  arsenic. 
kaaWeo  diescribed  by  Messrs.  W.  and  R.  Phillip«'.  It  has  been  term- 
ed by  the  latter  Tennantite ;  its  most  ordinary  form  \^  tlie  rhomboidai 
ledocaednm,  either  perfect  or  variously  modified. — Quarterly  Journol 
•fSeimtt  and  ArU^  Vol.  vii.,  p.  95. 

845.  Copper  pyrites  J  or  the  yellow  sulphuret  of  copper,  i*  the  most 
iaportant  and  generally  occurring  ore,  from  which  the  lar^c^t  ]>rop(>r- 
tioDofthe  copper  of  commerce  is  derived;  it  occurs  in  a  variety  nt 


*  The  hTdio|pcn  appears  to  be  drr'n  cd  from  tb':  Milphnr.  .  .t-l^ 


■ 
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forms,  \U  primitive  crystal  being  the  regular  tetraedron.  The  Coniib 
mines  are  very  productive  of  this  ore,  and  it  is  the  principal  product  tf 
of  the  Farys  mountain  mine  in  Anglcsea.     A  beautiful  iridescent 


ty  occurs  in  the  Ecton  mine  in  Staflbrdshire.  J 

1 


846.  The  following  is  an  outline  of  the  process  by  which  these 
of  copper  are  reduced,  as  carried  on  upon  a  very  large  scale  Mll^ 
Swansea,  where  the  chief  part  of  the  Corni:fh  ores  are  brou^t  to  thi 
Ktate  of  metal.  The  ore,  having  been  picked  and  broken,  is  tieatei-liL 
a  reverberatory  furnace,  by  which  arsenic  and  sulphur  are  drireB  oC^ 
it  is  then  transferred  to  a  smaller  reverberatory,  where  itisfhsedyani 
the  slag  whicli  separates,  being  occasionally  removed,  is  cast  into  Mmg 
masses  used  as  a  substitute  for  bricks.  The  impure  metal  collectdLjl 
the  bottom  of  the  furnace  is  granulated  by  letting  it  run  into  water;  k 
is  al\erwards  re-melted  and  granulated  two  or  three  times  aucce88ival|f» 
in  order  further  to  separate  impurities,  which  are  chiefly  sulphur,  in%' 
and  arsenic,  and  ultimately  cast  into  oblong  pieces  called  pigSt  wUdl 
are  broken  up,  roasted,  and  lastly  melted  with  a  portion  ofchareoalio 
the  refining  furnace.  It  is  now  malleable  :  and  is  generally  rolled  isto 
plates,  which  are  annealed,  and  when  hot,  quenched  in  urine,  vbieb 
gives  the  metal  a  peculiar  red  tinge.  ' 

847.  Hyposulphite  of  Copper  was  formed  by  Mr.  Herschel  by  miiiaif 
hyposulphite  of  potiissa  with  sulphate  of  copper.     It  is  coloarieis ;  u 
an  intensely  sweet  tsiste  ;  and  provided  air  be  excluded,  it  is  not  tnrned    1 
blue  by  ammonia,  which  seems  to  show  that  the  metal  is  in  the  stale  of 
protoxide. — Edinburgh  Philosophical  Journal,  i.  24. 

848.  Sulphite  of  Copper  may  be  obtained  by  passing  sulphurous  acid 
into  water  through  which  oxide  of  copper  is  diffused.  Small  red  crys- 
tals are  formed,  composed  of  protoxide  of  copper  and  sulphurous  aod. 
— Chevreuil,  Annales  de  Chimie,  Ixxxiii. 

849.  When  sulphite  of  potassa  is  added  to  nitrate  of  copper  a  preci- 
pitate falls,  which  assumes  the  form  of  red  and  yellow  crystals.  The 
former  arc  sulphite  of  copper ;  the  latter  a  tripple  sulphite  ofpaUun 
and  copper, — Chevreuil. 

850.  Persulphate  of  Copper — Roman  Vitriol — Blue  Vitriol. — ^TWil 
Nult  is  formed  by  dissolving  peroxide  of  copper  in  sulphuric  acid.    It 
crystallizes  in  rhomboidal  prie^ms  of  a  fine  blue  colour,  doubly  refrac^ 
tive,  and  soluble  in  about  4  parts  of  water  at  60^.     It  may  idso  be  foiiB- 
ed  by  boiling  copper  tilings  in  sulphuric  acid ;  a  process  which  fiir*  J 
nishes  abundance  of  sulphurous  acid,  but  which  is  not  generally  had  re^ 
co\irse  to,  to  produce  sulphate  of  copper.     It  is  m^e  upon  a  htgt^ 
scale,  by  exposing  roasted  sulphuret  of  copper  to  air  and  moisture,  j 
When  heated  it  loses  water  of  crystallization,  and  at  a  higher  tempera- 
ture sulphuric  acid  is  evolved,  unmixed  with  sulphurous  acid,  as  in  the 
case  of  the  decomposition  of  protosulphate  of  iron  (738),  and  peroxide 
of  copper  remains.     It  is  the  Vitriol  or  Salt  of  Venus  of  the  akhymists. 

It  consists  of  80  peroxide  +  80  sulphuric  acid  ;  when  crystallized  it 
contains  10  proportionals  of  water,  and  consequently  its  composition 
will  stand  thus  : — 

1  proportional  of  peroxide 80 

2  proportionals  of  sulphuric  acid  .     80 
10  proportionals  of  water 90 
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'••H'^Anfe or  copper,  for  when  protoxide 
e  sulphuric  acid,  metallic  copper  is  ae- 

iii-i'oside  olitained. 

i'lnmoiiia  la  a  solution  of  the  foregoing 
^■-^  ■— ^  -  precipitated,  consisting  of  ICO  oxide  + 

9^S^^^^^  I'liatc  hydniled  peroxide  from  the  solution 
^^^^^^  ":i;*s  of  ammonia  forms  a  triple  nilphate  of 
^^  ^^W  ''*  same  cooipound  is  formed  by  triturating 
^■^^  lUi  crystals  of  sulphate  of  copper.     It  is  tbs 

^^^^r^^  Phar„,„cop,^ia. 

^^^^^n^-onii  Potassa  is  a  triple  saltformed  by  digest- 
^^^^^^Pt'  ut  bisulphate  of  potaisa.  It  crystallizes  in 
^^^^^^Rlt  colour. 

^^^^^^^J^S^*""  ^'^'^  «  S^y  hrittle  phosphuret  It  is 
k  (i^JfJ^Pfiig  l«ecea  of  phosphorus  on  red-hot  copper 

^W™K*>«p4»ls  nor  pkotphiu  of  copptr  have  been 

*"  ^•itij  ^JW***"  may  be  fonned  by  mixing  solution  of  aul- 
■^^^^  Pn^wphate  of  soda  ;  it  is  a  bluish  green  insoluble 
"O3  ■?■  *oald  appear  from  Mr.  Chenevix'a  analysis, 

^'*'»-^*^'«*nal  peroxide  of  copper    80 

•  phosphoric  acid  . .      5C 

•  water 9 


!r?*\>C?***Ue  of  Copper  has  been  found  near  Cologne.     It 


*  ^^*na  forms  small  rbomboidal  crystals. 
^^  -^  Oopptr,  artificially  prepared,  by  adding  carbo- 
,  ^  «  J  ^Iphate  of  copper  and  drying  the  precipitate,  is  a 
^  t^^w^^luble  in  water,  consisting,  according  to  Mr.  It. 
"?*»-^^»ide  + 22  carbonic  acid +  9  water.  It  is,  there- 
r*%  fc^**<Ue.  Copper,  exposed  to  damp  air,  becomes  in- 
.  li^^^tapound.  Kxposed  to  heat,  it  loses  water  and  car- 
~*k.^^  ^%a  the  peroxide.     In  order  to  heighten  the  green 

,^    -w^'^mpoupd  is  esteemed  as  a  pigment,  it  should  be  re- 

**    —    **h  boiling  water. 

"  4^  ^1*  blue  cupreous  preparation,  called  Refineri'  Vtr- 
?*»  »v^"'*  ^y  silver  refiners.  It  consists,  according  to 
Cvi^^^  S  proportionab  of  oxide,  4  of  carbonic  acid,  and  2 
*^  ^*^ly  JtmrwU  of  Scitnce  and  Art;  Vol.  iv.  p.  277.) 
*tk^^^erior  pigment,  also  called  Verditer,  which  is  a  mix- 
V»    ^t«  of  copper  and  chalk. 

^t  ^  *lletier,  a  good  verditer  may  be  obtained  as  follows  ; 
A^  ,  ^*Btity  of  lime  to  nitrate  of  copper  to  throw  down  the 
Aj»^*  >t  gires  a  greenish  precipitate  that  is  to  be  washed  and 
|»i^»  ^  a  strainer ;  then  incorporate  with  it  from  8  to  10 
**Hie,  which  will  gire  it  a  Uae  colour,  and  dry  it  care- 

^tSlfc!^^  Mr.  Chenevix,  the  alcalioe  carbonates  dissolve  a 
r^Totide  of  copper,  and-  form  triple  salts, 


1 

ifagreeorifl 
forms,  bnt^ 


8G0.  JVativt  Cnrbanatr  of  Copper  is  fovnd  o(  a  _ 
Tlic  fanner,  or  AfufocAilt,  ia  fuuutl  in  various  forms,  t 
iy  crystallizeH,  the  octQAdral  variety  being  a  pseado« 
from  the  decomposition  of  the  red  oside.     This  miner 
>!i'cate$t  beauty  in  the  Uralian  mountains  of  Siberia ;  i 
111  Comnall.     Ilisof  variousshiidea  of  greei 
sliiljs,  or  used  as  beads  and  broach  sloiies.     The  polvei 
been  termed  chrgiocotla  and  moantaiu  grten. 

The  blue  carbonate  ia  foimd  in  great  perfection  at  Cht 
also  in  Bohemia,  Saxony,  Sfc.  It  occurs  c hrjr stall ized ill 
imperfect  octoedra  ;  it  also  is  found  in  Email  globular  n 
and  earlliy.  The  eurthy  variety  is  aometimea  called  4 
mounlain  blvt,  r 

The  DiapUtK  or  Emerald  Capper  is  a  very  rare  minen 
only  in  Siberia,  URSociated  with  malnchile.  It  com' ' 
Lowitz,  of  oxide  of  copper,  «ilica,  and  water. 

8t>l.  Borate  of  Copjirr. — Solution  of  borai,  poured 
copper,  produces  a  bulky  pale  green  precipitate  of  ban 

C(i2.  t'trrocyanale  of  Copper  is  u  brown  compound,  C 
ing  ferrocyanate  of  potansa  lo  a  dilute  solution  of  dulpti 
copper.  Mr.  Hatchett  has  recommended  this  GubsUl 
pifiment.  ^ 

863.  Many  of  thealloyaof  copperareimportant,  WH 
a  line  yellow  ductile  compound,  used  for  coin  and  OIB 
Sterling  or  standard  gold'conststs  of  )  1  gold  +  I  coppej 
lie  gravity  of  this  alloy  is  17.157.  WiUi  silver  it  fomi 
pound,  used  for  plate  and  coin.  Lead  and  copper  reM 
heat  for  union  ;  the  alloy  is  grey  and  brittle.— -See  Go^ 

Of  the  alloys  of  copper  with  the  preceding  metala  Hj 
tant  are  bra^s  and  bell-metal.     It  forms  white  compoDil 
a  and  sodium  ;  a  rediUah  alloy  with  manganese  ;  «> 

V  irn,.  I 


nithii 


864.  Brass  is  an  alloy  of  copper  and  zinc.     The 
united  by  mixing  granulated  copper  with  calamine  (78E) 
the  minture  is  exposed  to  heat  sufficient  to  reduce  the 
melt  the  alloy,  which  is  then  cast  into  plates.    The  relatii 
of  the  two  metals  vary  ill  thediH'erent  kinds  of  brass  ;  tl] 
from  12  to  16  per  cent,  of  zinc.     Brass  is  very  malli 
when  cold;  and  its  colourand  little  liability  to  rust  ret 
ference  lo  copper  lor  many  purposes  of  the  arts.     Ace 
a  very  beautiful  brass  may  be  made  by  mixing  60  graiua' 
per,  too  of  calamine,  400  of  black  flux,  and  30  of  chai 
Oielt  these  in  a  crucible  till  the  blue  Hume  is  no  longer  s 
cover ;  and,  when  cold,  a  button  of  brass  is  found  at  thi 
golden  colour,  and  weiglting  one-sixth  more  than  'the  |H| 
tained  from  the  above  quantity  of  oxide.  ~ 

806.  The  analysis  of  brass  may  he  performed  by 
acid  ;  add  considerable  excess  of  solution  of  potassa 
will  dissolve  the  oxide  of  zinc  and  leave  that  of  cop[ 
ter,  and  dry  and  heat  it  to  redness :  135  parts  indicala 
The  zinc  in  the  littered  alcaline  solution  may  he  pn 
boniite  of  soda,  having  previously  added  a  small  ei 
acid  ;  wash  this  precipitate,  dry  it,  and  expose  it  lo  ai 
then  owdeofziuc,  123  parts  of  which  indicate  100  of 


^^KUfiag  is  s«id  to  be  an  allo^  of  copper,  zinc,  and  » little  iron ; 

' —  Ihadi  gaU,  Similor,  Prince  Rvptrt'i  tniiltd,  and  Pinehbtek, 

e  copper  than  exiBtii  in  brnaa,  nnd  consequent- 

i  proportions  of  copper  wilh  brass.     Accord- 

MaHkeim  gold  congists  of  3  pnrta  of  copper  and  1  of 

is  aometimes  added,  which,  though  it  may  improve 

I  die  inalle  ability  of  the  alloy. 

uttat  is  an  alloy  of  copper  and  tin,  with  a  little  ane- 
6  copper,  2  tin,  1  arsenic.  On  tllia  subject  (he  reader  ■■ 
>     Mr.    Edwards's    experiments.— Nicbol son's    Joumat, 

*?^  ^j*  ^""^  ""^  Aroiwe  are  alloys  of  copper  and  tin  ;  they  are 

^  *^^  ""^  fusible,  hut  less  malleLible  than  copper  ;  the  former 

■*•*!  3  psrtsof  copper  nnd  1  of  tin  ;  the  latter  of  from  8  to  12  of 

*  lOO  ol*  copper.     A  little  zinc  is  added  to  small  shrill  bells. 

\'    ■fhennalysis  of  alloys  of  tin  and  copper  maybe  performed  hy 

_  BH  IS  nitric  acid,  which  dissolves  the  copper  and  conferts  the 

liM^  ^itSoluble  peroxide,  which,  when  washed  and  dried,  consists  of 

B  ^  "V  27  Diygen.     The  cupreous  solution  may  be  decomposed  by 

dli^*>  Mrf  the  pure  peroxide  of  copper  indicates  the  quantity  of  that 

plB<A**the  analysis  of  brass.  (865.) 

869.  Vftajeij  of  copper  used  for  culinary  purposes  are  usuhlly  coat- 

L '«A  **  tin,  to  prevent  the  food  being  contaminated  with  copper. 

''"iterior  sar&ce  is  first  cleaned,  then  rubbed  oVer  with  sal-am 

The  vessel  is  then  heated,  a  little  pitch  spread  over  the  sur- 

>d  1  bit  of  tin  lubbed  over  it,  which  instantly  unites  with  and 

^  copper. 

M*-  The  cupreous  salts  are  nearly  all  soluble  in  water,  and  of  a 

"Mir  peen  colour.     Ammouia  produces  a  compound  of  a  very  deep 

H^wtea  added  in  excess  to  these  solutions  ;  hydrosulphurct  of  am- 

'bdu  a  black  precipitate ;  and  a  plate  of  iron  plui^ed  into  a 

ih  of  copper  precipitates  metallic  copper. 

cjiaaate  of  potmsa  is  also  an  excellent  test  of  the  presence  of 

^i^ ;  it  produces  a  brown  cloud  in  solutions  containing  the  pe- 


SecTioH  XIV.    Ltad. 

810.  The  natard  compounds  of  this  metal  are  very  nunereus. 
Tbe  bM  important  is  the  sulphuret,  from  which  the  pure  metal  isTa«i 

*  cUefly  procnred.  Lead  is  also  found  combined  with  carbonic,  bdI- 
~'  'e,  pho&phonc,  arsenic,  molybdic,  and  chromic  acids,  and  with 
•men  and  chlorine.  To  obtain  lead  perfectly  pure,  it  may  be  dis- 
>imd  tn  nitric  acid  ;  the  solution  evaporated  to  dryness ;  the  dry 
■■I  re-di«eolved  in  water  and  crystallized;  these 'crystals  heated 
Itaiglyvnth  charcoal  afibrd  the  metal  quite  pure. 

«7I.  Lead  appears  to  have  been  known  in  the  earliest  ages  of  then,,, 
j^  world.     Its  colour  it  bluish  white.     It  melts  at  600",  and  by  the  unit-i'»J 

*  ■((MactioD  of  heat  and  air  is  readily  converted  into  an  oxide.     Its  spe- 

ofe  gravis  k  11-^     At  cutmmon  temDentores  it  undergoes  little 
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change  by  mere  eTposore  to  air,  but  it  is  slowly  corroded  bgr  H 
agency  of  air  and  water.    Exposed  upon  ignited  chfllrcoal  to  a 
of  oxygen  gas,  it  bums  with  a  blue  flame,  throwing  off  deoae 
fumes  of  oxide.    The  olchymists  gave  this  metal  the  name  of  2 

872.  Oxides  of  Lead, — ^There  are  three  oxides  of  lead.  T 
toxide  b  the  basis  of  the  salts  ;  it  may  be  obtained  pure  by  hea 
nitrate  of  lead  to  redness  in  a  vessel  with  a  small  orifice,  till  tb 
of  the  acid  is  expelled.  It  is  insipid  and  insoluble  in  watei;,  oi 
yellow  colour,  and,  when  fused,  crystallizes  on  coc^ng  in  ii 
scales.  It  is  volatile  at  a  bright  red  heat.  It  is  very  solable  : 
tions  of  potassa  and  soda  ;  and  when  in  fusion,  it  readily  dissol 
veral  of  the  earthy  bodies,  and  of  the  common  metallic  oxides 
the  use  of  lead  in  cupellaiion.  (885).  If  it  be  considered  as  a 
ide,  consisting  of  one  proportional  of  lead  and  one  of  oxygen,  t 
number  104  (deduced  from  the  mean  of  the  best  analyses)  will 
sent  lead,  and  it  will  consist  of  104  L.  +  ^  oxygen.  This  c 
known  in  commerce  under  the  name  of  massicot ;  or  when  t 
as  obtained  by  calcining  lead  upon  a  large  scale,  it  is  called  liUu 

When  melted  lead  is  exposed  for  a  time  to  the  air,  it  becoi 
crusted  with  a  grey  pelhcic,  which,  on  removal,  is  succeeded 
other,  and  so  on  until  the  whole  is  converted  into  a  greenish  gre 
der,  consisting  of  a  mixture  of  the  protoxide  with  metallic  lead. 

873.  If  the  protoxide  be  exposed  to  heat  and  oxygen,  il  fp 
acquires  a  bright  red  colour,  and  is  known  under  the  name  af  « 
or  deutoxidc  of  lead.  This  oxide,  when  exposed  to  nitric  acU 
solved  into  protoxide,  which  is  dissolved,  and  into  peroxick,  m 
an  inEtoluble  brown  substance,  consisting  of  104  L.  +  1^  < 
When  peroxide  of  lead  is  heated  it  gives  out  half  its  oxygen  i 
comes  yellow  protoxide. 

Minium  afTords,  on  analysis  104,  L.  +  12  oxygen,  and  may,  the 
be  regarded  as  a  definite  cpmpound  of  the  protoxide  and  peroxi 

The  minium  or  red  lead  of  commerce  generally  contains  a  pro 
of  protoxide  and  of  sulphate,  with  traces  of  chloride  pf  lead  and  siU 
succeed  in  obtaining  it  of  a  fine  red  tint,  it  requires  to  be  manufi 
in  quantities,  and  with  several  precautions.  The  method  empl 
Derbyshire  is  described  in  Watson's  Chemical  Essays^  Vol.  iii. 

874.  A  substance  supposed  to  be  native  minium j  has  been  fi 
some  of  the  Saxon  and  French  lead  mines,  also  in  Yorkshire. 

875.  Lead  and  Chlorine, — Chloride  of  Lead.  When  laminated 
heated  in  clilorine,  the  gas  is  absorbed,  and  a  chloride  of  lead  i 
composed  of  104  L.  +  36  C,  (J.  Davy,  Phil.  JVans.,  1812.)  Th 
substance  is  obtained  by  adding  muriatic  acid  to  nitrate  of  lew 
white  and  fusible,  and  on  cooting  forms  a  hornlike' substance  {pi 
eorneum.)  It  volatilizes  at  a  high  temperature.  It  dissolves 
parta  of  water  at  60^  ;  is  more  soluble  in  boihng  water,  tepara 
its  solution  cools,  in  small  acicular  crystals,  unchanged  by  expo 
9ir,  and  of  a  sweetish  taste.     It  dissolves  jn  dilute  nitric  acid. 

876.  This  substance  is  sometimes  prepared  by  acting  upon  a  a 
of  common  salt  by  litharge  ;  solution  of  sqda  and  chloride  of  k 
formed  ;  the  inspluble  residue  when  fused  19  known  under  tiM 
of  patent  uelUm ;  it  appears  to  be  a  compound  of  oxide  and  of  cl 
pf  lead,  tor  when  treated  by  nitric  acid,  it  forma  nitrate  of  lead 
portion  of  cUoridie  aepan^s. 
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Volw  CUoride  qJ  Lead  has  been  found  in  Derbyshire  and  in 
CfysteUiEed  in  quadrangular  prisms  of  a  greenish  yellow  * 

%UraU  of  Lead  is  obtained  by  digesting  the  protoxide  in  chlo- 

;  it  separates  by  slowr  evaporation,  in  white  crystalline  flakes 

r  flweet  taste.     When  heated  it  gives  out  oxygen  and  becomes 

e. 

9d»de  of  Lead^  formed  by  heating  leaf-lead  with  iodine,  is  a 

•olable  compound.     It  is  also  formed  by  adding  hydriodio  acid 

^te  of  potassa  to  solution  of  nitrate  of  lead.     It  consists  of 

Iodine  126 

Lead     104 
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A  insoluble  lodate  of  Lead  is  thrown  down  on  adding  iodate  of 
B  any  of  the  soluble  salts  of  lead. 

SiiraU  of  Lead  is  obtained  by  dissolving  the  metal,  not  in  ex- 
dilnte  mtric  acid,  and  evaporation.  The  salt  crystallizes  in 
I  and  octoedra,  which  are  white  translucent,  and  of  a  styptic 
lis  soluble  in  8  parts  of  water  at  212*.  It  consists  of  1 12  ox- 
ad  -f-  64  nitric  acid.  The  alcalis  throw  down  protoxide  of  lead 
aolntion  of  this  salt. 

whmilraie  of  Lead  may  be  formed  by  boiling  a  mixture  of  equal 
of  nitrate  and  protoxide  of  lead  in  water,  filtering  while  hot, 
ig  it  by  to  crystallize  ;  it  forms  pearly  crystals,  of  a  sweet  as- 
taste.  (Chevreuil,  Annales  de  Chitnie,  Ixxxii.)  It  consists  of 
ortionals  oxide  =  224,  4*  one  proportional  nitric  acid  >=:  54. 
l^hevreuil  and  Berzelius  have  described  three  nitrites  of  lead, 
composition  appears  doubtful,  (j^nn.  de  Ckivi,^  Ixxxiii.  and 
A  detailed  account  of  them  is  given  by  Dr.  Thomson.^ — Sys^ 
78. 

ulpkuret  of  Lead  may  be  formed  artificially  by  fusion.  Its 
1  colour  much  resemble  pure  lead,  but  it  is  brittle  :  it  consists 
ad  +  16  sulphur. 

'ative  Sulphurei  of  Lead^  or  Galena^  is  the  principal  source  of 
ommercial  demands  of  the  metal.  It  occurs  massive  and  crys- 
:hiefly  in  the  older  secondary  rocks.  Its  primitive  form  is  the  ^.^.  ^ 
which  there  are  several  modifications,  and  among  them  the  *  "  ^* 
I.  It  often  contains  traces  of  silver,  and  sometimes  in  such 
IS  to  render  it  worth  separating,  which  is  effected  by  exposing 
*d  sulphuret  to  the  action  of  heat  and  air  in  shallow  earthen 
;he  lead  becomes  oxidized  and  converted  into  litharge,  while 
r  is  Xed  pure,  in  consequence  of  its  power  of  resisting  the 

of  heat  and  air.     This  process  is  called  cupellation.     The 
S  aftenvards  reduced  by  fusion  with  charcoal, 
eduction  of  galena  upon  a  large  scale  is  a  sufficiently  simple  R<.4urtion  of 

The  picked  ore,  after  having  been  broken  and  washed,  is »)»« ^'^^ 
I  a  reverberatory  fire,  the  temperature  being  such  as  to  soften 
ise  it.     During  this  operation  it  is  raked  till  the  fumes  of  sul- 

dissipated,  when  it  is  brought  into  perfect  fusion  ;  the  lead 
he  bottom,  and  is  run  out  into  oblong  moulds  called  pigs ;  the 
e  a^ain  melted,  and  furnish  a  portion  of  less  pure  metal. 
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The  mines  of  Great  Britain  afford  an  annual  produce  of  ab 
tons  of  smelted  lead,  of  which  nearly  the  whole  is  obtainei 
sulphuret. 

There  is  a  peculiar  yariety  of  galena,  called  in  Derlmhii 
Biickei»iacs.  gi^g  .  and  which,  when  touched  by  the  miner's  pick,  often  s 
der  with  a  kind  of  explosion. 

886.  HypohUphite  of  Lead  is  precipitated  in  the  form  i 
powder,  nearly  insoluble  in  water,  by  adding  solution  of  nitn 
to  hyposulphite  of  potassa.  It  is  composed,  accoiding  to  Hi 
70.30  protoxide  of  lead  +  29.70  hyposulphurous  acid.  TI 
hers  correspond  to  1  proportional  of  oxide  of  lead  =:  112 
portionals  of  hyposulphurous  acid  =48. 

887.  Sulphite  of  Lead  may  be  obtained  by  digesting  yelloi 
lead  in  sulphurous  acid  ;  or  by  adding  sulphurous  acid  or  i 
potassa  to  nitrate  of  lead.  It  is  white,  insoluble,  and  tastelesi 
sists  of  one  proportional  of  each  of  its  components  ;  name! 
^hurous  acid  +11^  oxide  of  lead.  When  heated  it  loses  s 
acid. 

888.  Sulphate  of  Lead.  When  metallic  lead  is  boiled  in  coi 
sulphuric  acid,  sulphurous  acid  is  evolved,  and  a  white  sulpb 
is  rormed.  It  is  so  nearly  insoluble,  that  it  may  be  formed 
dilute  sulphuric  acid,  or  an  alcaline  sulphate,  to  a  solution  <A 
lead.  Dr.  Thomson  found,  that  after  having  been  dried  at  a 
ture  of  400^,  it  might  be  heated  to  redness  in  a  platinum  croc 
out  losing  weight.  Heated  on  charcoal  by  the  blowpipe,  it 
posed  and  reduced.  It  consists  of  one  proportional  of  snip! 
=  40,  and  one  proportional  of  oxide  of  lead  =112;  and  its 
tative  number  is  therefore  152.  Sulphate  of  lead  is  insolub 
hoi  and  in  nitric  acid  :  it  is  sparingly  soluble  in  dilute  sulpl 
and  separates  from  it  in  small  prismatic  crystals. 

889.  Native  S%dphate  of  Lead  is  found  in  Anglesea,  and  ii 
crystallized  in  prisms  and  in  octoedra. 

890.  HydrosuJphuretted  Oxide  of  Lead  is  of  a  deep  brov 
and  is  produced  by  adding  sulphuretted  hydrogen,  or  hydn 
of  ammonia,  to  any  solution  of  lead  ;  hence  the  use  of  tJ 
pounds  as  tests  of  the  presence  of  lead. 

891.  Phosphuret  of  Lead  may  be  formed  by  dropping  p 
into  melted  lead.     It  is  of  the  colour  of  lead,  and  soon  tami 

892.  Hypophosphite  of  Lead  has  not  been  examined. 

893.  Phosphite  of  Lead  was  prepared  by  Berzelius  by  d 
riate  of  lead  with  phosphite  of  ammonia.     It  is  white,  tast 
insoluble,  -and  appears  to  consist  of  1  proportional  of  oxide 
112  4"  1  proportional  of  phosphorous  acid  =  20. 

894.  Phosphate  of  Lead  is  formed  by  mixing  solutions  of 
lead  and  phosphate  of  soda,  or  phosphoric  acid.  It  is  yellow 
insoluble  in  water  ;  soluble  in  fixed  alcaline  solutions,  aiu 
acid.  It  is  decomposed  by  sulphuric  acid,  and  by  hot  mui 
It  ftises  before  the  blowpipe,  and  crystallizes  on  cooling, 
of  112  oxide  of  lead  +  28  phosphoric  acid  =  140. 

895.  Berzelius  has  described  a  subphosphaie^  a  superpltoip 
nitropkospkate  of  lead. — AnnaUs  de  Chim.  et  Phys.^  ii. 

896.  Ntaivt  Phosphate  of  Lead  has  been  found  in  the 
Cumberland,  Durham,  Yorkshire,  and  of  Wanlock  Head,  in 
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Klovk  mimu  shades  of  green,  yellow,  and  brown.    Its  prinutiye 
M  a  rhomboid,  but  it  usually  occurs  in  six-sided  prisms.    It  is 
iMnHpireDt  and  brittle. 

197.  CtrhomUe  of  Lead, — Wh«n  an  alcaline  carbonate  is  added  to 
ifate  of  lead,  a  white  precipitate  of  carbonate  of  lead  Alls  :  it  is 
lirtelHtiiHolQble  in  water,  but  soluble  in  fixed  alcaline  solutions.  It 
|lM|||fBd  »  a  white  paint,  under  the  name  of  white  lead  or  ceruse, 
^lilHrilf  prepared  by  exposing  sheet  lead  to  the  action  of  the  ?a- 
afiinegar.  The  process  is  described  in  Aikin's  Dictionary^ 
Ua,)  It  consists  of  112  oxide  of  lead  +  ^^  carbonic  acid  =s 
iCBWoateof  lead. 

JVsdM  Carbonate  ojf  Lead  is  one  of  the  most  beautiful  of  the 
isRi :  it  occurs  crystallized  and  fibrous,  the  former  transpa- 
tklitter  generally  opaque.  It  is  soft  and  brittle,  and  occasion- 
liiBi  green  with  carbonate  of  copper,  or  grey  by  sulphuret  of 
L  The  odoedron  is  its  primitive  form  :  it  also  occurs  prismatic 
\tUu,  It  haa  been  found  in  Cumberland  and  Durham,  and  the 
niiety  of  great  beauty  in  Cornwall. 
^-  W.  Fcrrocyinate  of  potassa  produces  a  white  precipitate  when 
lUtotheitlnble  salts  of  lead. 

^OQl  Buwii  tf  Lead  is  precipitated  in  the  form  of  a  white  powder, 
flakilleofsodais  mixed  with  nitrate  of  lead. 

!•  Tke  soluble  salts  of  lead  have  a  sweetish  austere  taste,  and  ^t^r^^^      ^ 

by  the  white  precipitate  produced  by  ferrocyanate  of  po-th*  Mjto'of 
Ihedeep  brown  by  hydrosulphuret  of  ammonia,  and  the  yellow***^ 

of  potassa. 
ab  insoluble  in  water  are  dissolved  by  soda  and  potassa,  and 
acid,  when  the  metal  is  rendered  manifest  by  sulphuretted 
and  other  tests.     Heated  by  the  blowpipe  upon  charcoal 
if  afbrd  a  button  of  metal. 

Ml  2^  Aliofys  of  Lead  with  the  preceding  metals  are  not  important, 
la  accept  that  which  it  forms  with  tin.  Common  pewter  consists  of 
pt  80  parts  of  tin  and  20  of  lead.  Equal  parts  of  lead  and  tin  consti- 
ifkuiert^  solder;  and  what  is  termed  pot-metal  is  an  alloy  of  lead 
pnpper. 

08.  In  analyzing  these  alloys,  100  grains  in  filings  may  be  boiled  to 
m  in  two  ounces  of  nitric  acid,  water  poured  upon  the  residue, 
Shered  ;  the  peroxide  of  tin  remains  in  the  filter,  and  the  nitrate  of 
,  which  passes  through  in  solution,  may  be  converted  into  sulphate 
kKag  sulphate  of  soda.  162  grains  of  sulphate  of  lead  dried  at  a 
leat,  indicate  104  of  metal ;  and  75  grains  of  washed  peroxide  of  tin 
fuivalent  to  69  grains  of  metallic  tin. 

I.  With  potassium  lead  forms  a  brittle  and  very  fusible  alloy  - 
aodiam  the  compound  is  equally  brittle  but  less  fusible.  When 
led  to  air  these  alloys  sufier  decomposition  in  consequence  of  the 
cemeot  of  the  alcaline  bases.  The  alloy  of  Lead  and  Manganese 
rt  been  examined.  When  lead  is  fused  with  iron  two  alloys  arc 
led ;  that  at  the  bottom  of  the  crucible  consisting  of  lead  with  a 
ron ;  while  the  superficial  portion  is  iron  with  a  little  lead  (Guy- 
foRVKAt,  Ann.  dr  Chim.,  Ivii.)  AVith  zinc,  lead  forms  a  hard 
£  alloy. 
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Section  XV.    Antimotiy, 

905.  This  metal  is  found  native  in  Sweden,  in  Fnncef  ai 
Hartz ;  but  its  principal  ore  is  the  nUphuret  whkh  is  fbiind 
and  crystallized,  and  of  which  there  are  several  ymrietiee.  1 
common  is  the  radiated^  which  is  of  a  grey  colour,  brittle,  audi 
ly  crrstallized  in  four  and  six-sided  prisms.  This  ore  maj  bi 
posed,  and  the  pure  metal  obtained  from  it,  by  the  foUowing 
Mix  three  parts  of  the  powdered  sulphuret  with  two  of  cradeti 
throw  the  mixture  by  spoonfuls  into  a  red-hot  crucible ;  thca 

ReanctioB  of  j^^^  ^^  reduess,  and  a  button  will  be  found  at  the  bottom  of  the  < 
which  is  the  metal  as  it  commonly  occurs  in  commerce,  and  ' 
pure.  Reduce  this  button  to  fine  powder,  and  dissolve  it  in  i 
riatic  acid ;  pour  this  solution  into  water,  which  will  occaaiaa 
cipitation  of  a  white  powder,  which  is  to  be  washed  and  ni 
twice  its  weight  of  tartar  and  exposed  to  a  dull  red  heat  in  a  > 
The  button  now  obtained  is  pure  antimony. 

906.  Antimony  is  of  a  silvery  white  colour,  brittle,  and  a 
in  iti  ordinary  texture.  It  fuses  at  about  800*,  and  is  volatik 
heat.  Its  specific  gravity  is  6.712.  (Hatchett,  Phil,  IVnu 
Placed  upon  ignited  charcoal,  under  a  current  of  oxygen  gai,  ] 
bums  with  great  brilliancy,  throwing  off  its  oxide  in  the  form  a 
yellow  smoke. 

907.  ArUimony  and  Oxygen, — These  bodies  form  two  wd 
compounds,  the  history  of  which  is  of  great  importance  to  the 
ceutical  chemist 

The  Protoxide  of  Antimony  is  thus  obtained :  To  200  paii 
phuric  acid  add  50  parts  of  powdered  metalhc  antimony.  Boil 
ture  to  dryness,  wash  the  dry  mass,  first  in  water,  and  then  wh 
solution  of  carbonate  of  potassa ;  a  white  powder  remains,  wfai 
thoroughly  washed  with  hot  water,  is  Protoxide  of  Antitnomym 
also  be  procured  by  dissolving  antimony  in  muriatic  acid,  poi 
solution  into  water,  and  washing  the  white  precipitate  with  vn 
tion  of  potassa. 

908.  This  oxide  may  also  be  obtained  by  adding  ammonia  ta 
of  tartrate  of  antimony  and  potassa,  heating  the  mixture  and 
the  precipitate  in  large  quantities  of  boiling  water.  It  is  thus 
ed  in  the  form  of  a  heavy  white  powder.  This  process  is  dij 
the  Pharmacopona, 

This  protoxide  exists  in  all  the  active  antimonial  prcparal 
emetic  tartar,  kermes,  glass  of  antimony  golden  sulphuret,  4* 
fusible  and  volatile  at  a  red  heat :  decomposed  by  sulphur  and 
and  when  acted  on  by  nitric  acid,  is  converted  into  peroxide, 
ed  with  chlorate  of  potassa  it  deflagrates  and  also  becomes  p< 
cd  ;  it  is  very  soluble  in  muriatic  acid,  and  readily  forms  erne 
when  boiled  in  solution  of  tartrate  of  potassa. 

When  metalhc  antimony  in  fusion  is  exposed  to  a  bright  rei 
is  converted  into  an  oxide  which  appears  to  be  the  protoxide,  ni 
condenses  in  long  and  delicate  needles  when  sublimed.  It  was 
called  argentine  flowers  of  antimony, 

009.  Peroxide  of  Antimony  is  procured  by  acting  for  a  coni 
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mt  apoB  the  powdered  metal,  by  excess  of  hot  nitric  acid,  and  expos- 
%  the  product  to  a  red  heat.  The  diaphoretic  antimony  and  Bezoar 
mtndofold  PharmacopaicR  consisted  of  this  oxide,  which  compared 
itb  the  protoxide  is  nearly  inert. 

910.  Peroxide  of  antimony  is  also  formed  by  exposing  the  metal  or 
5  protoxide  mixed  with  five  or  six  parts  of  nitre  to  a  red  heat,  in  u 
itdain  crucible,  and  washing  tlio  residue  with  hot  water.  It  is  yel- 
•Ml  white,  but  becomes  buil'-coloured  when  heated,  and  returns  to 
fanertinton  cooling.  It  neither  fuses  nor  volatilizes  at  a  bright 
I  kaC,  but  when  exposed  to  the  flume  of  a  spirit-lamp  urged  by  a 
w*pipe,  it  passes  off  slowly  in  white  fumes,  being  partially  reduced 
the  hydrogen  of  the  flame. 

m.  fierzelius  (WnH.  de  Chim,^  Ixxxvi.  22.3),  has  described  four  ox- 
i«f  antimoDy  ;  but  it  is  probable  that  the  flrst  and  the  fourth  are  not 
IBCt  compounds  :  they  are  said  to  be  constituted  as  follows  : 

1  Suboxide  consisting  of  100  antimony  -{-    4.65  oxygen. 

2  Oxidule 100 +  18.60 

3  White  oxide 100 +  27.90 

4  Yellow  oxide 100 +  37.20 

rhe  two  bsst  oxides  are  called  by  Berzelius,  stiUous  and  stihic  acid^, 
^^mumiout  and  antimonic  acids. 

!%e  lecond  and  fourth  are  probably  the  oxides  described  in  para- 
^  908  and  909,  but  their  composition  is  by  no  meaus  satisfactorily 
sitained. 

^12.  Xotizt  Oxide  of  Antimony  is  occasionally  found  incrusting  the 
ire  Metal  and  the  sulphurct. 

id.  I  have  found  by  experiment  that  the  oxygon  in  the  protoxide 
J)  i3  to  th;it  in  the  peroxide  ^909)  us  1  to  2  ;  and  if  wc  consider 
e  as  the  second  and  fourth  oxide  described  by  Bcr/.elius,  we  obtain 
number  40  as  the  representative  of  antimony.  Dr.  John  Davy's 
arches  on  the  composition  of  the  chlorides,  {Fliil.  Trans.,  1812,j 
the  number  42.5  as  the  representative  of  uniimony  ;  and  this  near- 
jreea  with  my  own  experiments  upon  the  composition  of  tlie  pro- 
le, (obtained  by  precipitation  from  emetic  tartar),  whicii  give  45, 
which  I  shall  therefore  adopt. 
he  protoxide  of  antimony  will  then  consist  of 

Antimony  48  +  Oxygen  8  =5U*. 

id  the  peroxide  uill  be  composed  of 

Antimony  48  +  Oxygen  16  =  G-l. 

14.  The  acid  properties  of  peroxide  of  antimony  were  long  siiicc 
irked  by  Thenard,  [Ann.  de  Chim,,  xxxviii.  and  xli.)  and  the  sub- 
has  lately  been  investigated  by  Berzelius,  who  obtained  it  l»y  ex- 
^a  mixture  of  one  part  of  powdered  antimony  and  six  ot'  nitre  to 


5  M  Hfcn-lv  alti  ltd  to  48  in  order  to  be  |irojx>rtionjil  to  8  insUti'i  of  7  5  o<>ff«n.     The 
IbcrefMiM)  in  thr  r»-niU»  of  difff rent  Chnuisls  nuik«s  it  iiiiiini(>.!r  u  *''•-'    '">   "»"" 
■ficWntly.  'Uraiid  {lives  his  own  the  pnfrivrM^e,  ulthou«?b  it  doi;** '"^^  •*5'^'- ^'"i  tnt 
r  Dr.  1/  aii^  i".lf  r  liv.ui  th<:  40  staled  in  )iis  t«t. 

MM 
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a  red  beat  in  a  aWvev  crucible  for  an  hour.     After  waabing  o 
luble  matters  by  cold  water,  and  digesting  the  white  powder  i 
mains  in  muriatic  acid,  washing  and  drying  it  at  a  red  heat, 
antimonic  acid,  ;nid  consists  of  iuitimony  100,  oxygen  37.2. 

916.  Antimoniau  of  Ammonia  is  formed  by  digesting  the  m 
monia.  On  evaporation  a  supcraniimoniate  of  amtnonia  is  ol 
the  form  of  a  white  powder. 

916.  Antimoniatc  of  Potassa  is  contained  in  the  white  powd 
ed  by  igniting  nitre  and  antimony.  (919).  It  dissolves  io  li 
and  this  solution  produces  precipitates  of  insoluble  antimonia 
Feral  other  metallic  solutions. 

Our  knowledge  of  tlic  composition  and  properties  of  the 
antimony,  and  of  most  of  their  combinations,  is  still  extremei 
feet,  and  the  whole  subject  requires  further  investigation  b 
anomalies  that  now  present  themselves  can  be  cleared  up. 

917.  Antimony  and  Chlorine  combine  in  one  proportion  onl 
duce  the  chloride  of  antimony.  The  powdered  metal  takes  I 
tlu'own  into  the  gas,  and  a  compound*  at  first  liquid,  but  aiierw 
creting,  is  formed.  It  may  also  be  produced  by  the  distillatii 
part  of  powdered  antimony  with  two  and  a  half  of  bi-chloiidt 
cury  ;  or  by  dissolving  the  protoxide  of  antimony  in  muriatic 
evaporating  to  dryness.  It  consists  of  48  A.  -t"  3t>  C.  Thef 
ride  is  a  soil  solid  at  common  temperatures,  but  becomeiKq 
gentle  heat,  and  crystallizes  as  it  cools.  It  is  the  butter  «f  hI 
old  writers.  It  deliquesces  by  exposure  to  sur  ;  and  is  a  pOMi 
tic.  When  water  is  added  to  the  chloride  of  antimony,  »■ 
composition  ensues,  and  hydrated  protoxide  of  antimony, 
called  AlgarottVs  powder,  or  mercurius  vitte,  and  muriatic  acM 

918.  Chlorate  of  Antimony  has  not  been  examined. 

919.  Iodide  of  Antimony  is  of  a  dark  red  colour;  acted 
water,  it  produces  hydriodic  acid  and  oxide  of  antimony. 

920.  lodate  of  Antitnony  is  unknown. 

921.  Nitric  acid  acts  powerfully  on  metallic  antimony,  and 
with  it  in  fine  powder,  will  sometimes  cause  its  inflammatii 
metal  becomes  peroxidized,  and  scarcely  an  appretiablc  por 
tained  in  solution.  As  in  some  other  cases  of  the  vehement 
sition  of  nitric  acid,  ammonia  is  produced,  (287)  which  may  I 
ed  sensible  by  pouring  potiissa  on  the  whhc  magma  that  resu 

Protoxide  of  antimony,  digested  in  dilute  nitric  acid,  prodw 
cultly  soluble  salt,  which  separates  in  white  scaly  crystals,  \ 
appears  to  be  a  nitrate  of  antimony,  but  I  have  not  particular! 
ed  it. 

022.  Nitro-muriatic  acid  rondily  dissolves  antimony,  and 
orange -colon  red  solution,  whicii  is  decomposed  by  the  additi 
ter.  Iron  or  zinc  immersed  into  this  solution  throws  down  a  b 
der,  which,  according  to  Tlienard,  is  pyroplioric. 

923.  Sulphurct  of  Antimony  is  easily  formed  by  fusing  the  I 
sulphur.  It  consists  of  48  A.  +  16  S.  Its  colour  is  dark 
metallic.  Us  g])ecifjc  gravity  4.36.  ll  closely  resembles  ' 
sulphuret  (1)06,) 

924.  When  the  native  sulphuret  is  exposed  under  a  muffli 
red  heat,  it  gradually  loses  sulphur  and  absorbs  oxygen,  beii^ 
^d  into  a  grey  powder,  which  consists  of  a  mixture  of  protoxj 
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mlpliaret.     If  the  heat  be  increased,  this  fases  into  a  titms- 

Imce  of  a  yellow  or  brown  colour,  formerly  called  gla$$  cfQ\%n  of  antu 

Its  composition  is  variable  ;  it  generally  contains  about  86  "^3^* 

protoxide  and  15  of  sulphuret.     In  that  which  is  impozted 

eatical  purposes,  from  Germany  and  FloUand,  there  is  usn- 

on  of  siliceous  earth,  and  it  is  sometimes  adulterated  with 

d.    This  fraud  is  easily  detected  by  digesting  the  finely 

Ims  in  hot  nitric  acid,  diluting  the  solution  and  filtering. 

liquor  gives  a  white  precipitate  on  the  addition  of  sulphate 

iidwere  present 

e  formation  of  glass  of  antimony,  if  the  heat  be  raised  toe 

ater  part  of  the  protoxide  sublimes  in  slender  crystalline 

liile  another  portion,  if  air  be  not  excluded,  passes  into  the 

fiide,  and  undergoes  no  change  at  a  very  high  temperature. 

di  of  the  protoxide  with  larger  quantities  of  the  sulphuret 

ermed  wffron  of  antimony  or  crocus  fnetoi/omm,  and  liver  of 

Acr  the  Hyposulphite  nor  the  Sulphite  of  antimony  are 

erf  Antimony, — When  sulphuric  acid  is  boiled  upoQ 
antimony,  the  metal  is  oxidized,  and  an  acid  ndphate 
jrfote  of  antimony  are  the  results.  In  both  these  salte  the 
iMe  of  protoxide.  (907.) 

iondphuretied  Oxide  of  Antimony, — This  compound  has 
town  under  the  name  of  kermes  ndnercU;  it  is  commonly 
follows :  Equal  parts  of  sulphuret  of  antimony  and  common 
ised  together ;  the  resulting  mass  is  finely  powdered  and 
times  its  weight  of  water.  The  liquor  is  filtered  while 
uring  cooling,  it  deposits  kermes.  The  mother  liquor  of 
sits  a  copious  yellowish  red  precipitate  upon  the  addition' of 
iric  acid,  wliich,  when  washed  and  dried,  is  known  under 
olden  sulphur  of  antimony.  In  the  London  Pharmacopeia 
ttimonii  sulphnretum  prcecipitatum. 

[  these  compounds,  the  following  changes  seem  to  hare 
The  sulphuret  of  antimony  and  potassa  act  upon  the  wa* 
I  of  which  is  decomposed  ;  hydrogen  is  transferred  to  the 
buret,  to  form  hydrosulphurct  of  potassa  ;  hydrogen  and 
to  the  sulphuret  of  antimony,  producing  a  hydrosulphuret- 
hat  metal  (kcrtnes),  which  remains  dissolved  in  the  hot  al- 
sulphuret,  and  of  which  one  portion  is  precipitated  as  that 
B.  When  dilute  sulphuric  acid  is  added,  the  hydrosulphu- 
i  is  decomposed,  sulphate  of  potassa  is  formed,  and  sulphur 
itted  hydrogen  are  liberated  ;  the  sulphur  falls  in  combina- 
kermes,  producing  the  golden  sulphur y  or  sulphuretted  hy- 

ikuret  of  Antimony  is  formed  by  heating  together  equal  parts 
itimony,  phosphoric  acid,  and  charcoal.     It  is  white  and 

ling  is  known  respecting  cither  the  Hypophosphite  or  the 

antimony. 

}phate  of  Antimony  has  not  been  formed :  in  the  London 

ia  there  is  a  preparation  called  pulvis  antimonialis,  formed 

me  part  of  sulphuret  of  antimony  with  two  of  hartshtm 
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BhaTingp.  The  action  of  heat  upon  the  snlphuret  has  alrea 
cribed.  (924.)  Its  effect  upon  the  hartshorn  shavings  is  tc 
animal  matter,  leaving  little  else  than  phosphate  of  lime. 
pulvis  antimonialis  consists  essentially  of  protoxide  of  antii 
with  phosphate  of  lime.  This  preparation  is  usually  consi 
gous  to,  if  not  identical  with,  Jameses  Powder,  which,  acci 
Pearson's  analysis  {PhiL  Trans.,  1791),  consists  of  43  ] 
lime,  and  57  oxide  of  antimony. 

931.  In  examining  Antimonial  Powder  from  various  s 
pared  according  to  the  direction  of  the  Pharmacopttia,  I  1 
of  very  variable  composition  :  sometimes  it  contains  pcro: 
mony  only  ;  sometimes  there  is  a  proportion  of  protoxide, 
few  cases  the  powder  has  consisted  chiefly  of  bone-earth, 
ferences  are  referable  to  the-mode  of  preparing  it,  but  ins 
case,  a  very  large  proportion  of  the  protoxide  is  lost  dar 
cess,  and  I  have  found  it  a  matter  of  great  difficulty  so  to  < 
to  obtain,  upon  the  large  scale,  an  uniform  product.  For 
I  should  consider  emetic  tartar  sis  the  only  certain  and  nc< 

.  paration  of  antimony  ;  if,  however,  a  compound  of  the  d; 
pJii^Ltm^  Antimonial  Powder  be  requisite,  one  of  the  best  modes  of 
ni«i  powder.  ^qqJ^  \y^  to  dissolve  certain  proportions  of  ])rotoxide 
and  phosphate  of  lime  in  murintie  acid,  precipitate  b 
and  edulcorate  with  a  large  quantity  of  water.  Mr.  C 
vises  for  this  purpose  equal  parts  of  the  oxide  and  phospbi 
proportion  of  antimony  is  too  great :  I  have  made  an  usefa 
Powder  by  dissolving  200  grains  of  bone-earth  and  100  of 
antimony  in  a  measured  ounce  and  a  half  of  muriatic  acid, 
the  solution  into  a  weak  solution  of  ammonia  ;  the  preci] 
washed,  dried,  and  reduced  to  a  fine  powder,  weighed  28C 

932.  The  following  mctliod  furnishes,  in  the  ilrv'  way, 
uniform  Antimonial  Powder :  Burn  two  pounds  of  hartsb 
der,  reduce  it  to  powder,  and  heat  it  to  a  dull  redness  in 
then  gradually  stir  into  it  one  pound  of  powdered  sulphi 
mony,  added  in  successive  portions,  and  continue  the  samp 
as  fumes  arise  ;  when  those  rcasc  the  mixture  will  have  s 
colour,  and  during  the  operation  small  crystals  of  protoxid> 
ny  will  be  seen  to  collect  upon  its  surface  when  a  portion  i« 
an  iron  spoon.  In  this  grey  state  it  should  be  put  into  a  ( 
heated  to  intense  redness ;  a  phosphorescent  light  of  a  grc 
soon  perceived,  and  when  this  ceases  the  crucible  may  ' 
from  the  fire,  and  its  contents  when  cold  reduced  to  a  i 
which  should  bo  perfectly  white. 

933.  Neither  carbonate y  hijdrocyanate ,  nor  borate  of  ai 
known  to  exist. 

934.  The  solntion?  of  antimony  afford  orange-coloured 
with  sulphur<»itod  hyJrocjon,  and  those  which  are  acid  are 
when  largely  diluted  wiih  water. 

936.  Antimony  forms  lirittle  alloys  with  the  malle:i 
When  gold  w<l«?  alloyed  witli^Ti'^i^  its  weight  of  antimon; 
pound  was  perfectly  brittle  ;  anil' even  the  fumes  of  antii 
vicinity  of  melted  gold  are  suflicient  to  destroy  its  ductility.  ( 
Phil.  Trant.^  1803.)  With  potassium  and  sodium  it  forms  i 
compounds,  destructible  by  the  action  of  air  and  water. 
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^8  with  manganese  and  with  zinc  have  not  been  examined. 

with  lead  in  the  proportion  of  1  to  16,  and  a  small  addition 
,  antimony  forms  the  alloy  used  for  printers^  typeB.     With  '^"''y*- 
I  white  and  rather  brittle  compound  is  formed,  used  for  the 
n  which  music  is  engraved.     With  iron  it  forms  a  hard  whit- 
bnnerly  called  martial  regulw^  which  may  be  obtained  by 

ptrts  of  sulphuret  of  antimony  with  one  of  iron  filings ;  a 
wting  chiefly  of  sulphuret  of  iron  is  formed,  and  the  fused 
ith  usually  presents  a  stellated  appearance  in  consequence 
ttllization.  This  star  was  much  admired  by  the  alchy mists, 
dered  it  a  mysterious  guide  to  transmutation.  With  tin  an- 
MtitQtes  a  kiud  of  pewter^  a  term  however  which  has  also 
ied  to  some  other  alloys,  especially  that  of  lead  and  tin. 
he  finest  pewter  consists  of  about  12  parts  of  tin  and  1  of 
with  a  small  addition  of  copper.  A  good  white  metal,  used 
I,  is  composed  of  100  tin,  8  antimony,  2  bismuth,  and  2  cop- 
be  nalysis  of  an  alloy  of  tin,  lead,  copper,  and  antimony, 
hn  performed  :  Introduce  100  grains  into  a  matrass  with  a 
A,  iftd  pour  upon  it  one  ounce  of  water  and  two  of  nitric 
ert  iftd  evaporate  to  dryness.  The  dry  mass  will  consist  of 
I  of  lead  and  copper,  which  are  soluble,  and  maybe  taken 
mces  of  hot  water,  and  of  the  peroxides  of  tin  and  anti* 

I  ore  insoluble,  and  remain  upon  the  filter. 

nlotioD  of  the  nitrates  add  sulphate  of  soda,  which  throws^ 
Mte  of  lead,  and  which  is  to  be  collected  in  a  filter,  washed, 
cdheat,  and  weighed.  (888.)  The  filtered  liquor  may  be 
to  about  two  ounces  in  bulk,  and  having  rendered  it  slightly 
ite  sulphuric  acid,  immerse  in  it  a  plate  of  iron,  which  will 
n  metallic  copper,  to  be  purified  if  requisite  (820),  dried, 
d. 

iration  of  the  peroxides  of  tin  and  antimony  is  attended  with 
allies  :  it  may  l>e  imperfectly  elVccted  by  solution  in  nitro-. 
id,  and  subsequent  dilution  with  a  large  quantity  of  water, 
rs  down  the  antinionial  oxide,  not  however  pure,  but  witli 
f  peroxide  of  tin  :  tlic  lattor,  retiiining  a  little  peroxide  ot 
nay  be  procured  by  evaporation  and  exposure  of  the  resi- 

II  red  heat  in  a  porcolaiu  cup. 


.Sf.(,tion   \Vl.     Bisniiit/u 

IS  metal  i^  found  native  ;  combined  with  oxygen  ;  and  willi 

sulphur. 

hmnth  occtns  rry?t  iHizfid   in  ortmidra  and  cubes,  and  ge- 

tains  ai-senic  and  *i(>iiM^,tini<'s  cobalt.     It  has  been  found  in 

nd  in  Germany,  Krarn'o,  and  Sweden. 

e  meLil  may  be  obtained  pure,  by  dissolving  the  bismuth  of 

n  nitric  arid  ;  water  is  added  to  the  nitric  solution,  which 

tide  of  bismnili.     T[\i<  oxide  is  easily  reduced  in  tlie  usual 
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Bif^muth  18  n  brittle  white  metal,  with  a  slight  tint  of  red  :  its : 
gravity  is  9.822.  j^IlATciiEtT,  Phil.  Trans.,  1803.)  It  fustt  c 
and  always  crystallizes  on  cooling. 

939.  When  bismuth  is  exposed  to  heat  and  air  it  oxidizes,  fb 
fusible  white  oxide.  If  the  heat  be  increased  by  directing  a  ca 
oxygen  upon  the  metal,  it  burns  with  much  brilliancy,  and  prod 
abundant  yellow  smoke,  which  condenses  in  the  form  of  a  ye 
white  sublimate.  When  in  fusion  this  oxide  acts  upon  otfaei 
much  in  the  same  way  as  oxide  of  lead.  It  consists  of  72  biiD 
8  oxygon.  It  occurs,  though  very  rarely,  native :  it  has  bees  C 
Cornw:ill  and  Saxony. 

940.  Chloride  of  Bismuth,  is  procured  by  heating  the  metal 
gas,  or  by  evaporating  the  muriate  to  dryness  and  submittiogtbi 
due  to  di:}tillation,  when  the  chloride  sublimes,  and  afterwardiddl 
ces  into  what  was  called  butter  of  bismuth.  (J.  Davy,  PU  7) 
1812.)   It  consists  of  72  bismuth  +  36  chlorine. 

941.  Chlorate  of  Bismuth  has  not  been  examined. 

942.  Iodide  of  Bismuth,  obtained  by  heating  iodine  with bbH 
is  of  an  orange-colour,  and  insoluble  in  water.  When  hjtnki 
or  hydrio<hte  of  potassa  is  added  to  nitrate  of  bismnth,  a  fMl 
falls  of  a  deep  chocolate-brown  colour,  insoluble  in  water  Mii 
in  liquid  potassa. 

943.  lodate  of  Bismuthis  thrown  down  upon  adding  iodririffi 
sa  to  nitrate  of  bismuth. 

944.  Nitrate  of  Bismuth. — This  salt  crystallizes  in  snnlMl 
prisms,  consisting  of  80  oxide  -{-  54  acid.  It  is  made  by  diMMj 
metal  to  saturation  in  two  parts  of  nitric  acid  and  one  of  wilV! 
action  is  rapid,  and  nitric  oxide  is  copiously  evolved.  AmoMit^ 
sions  a  precipitate  in  nitrate  of  bismuth,  which  is  re-dissolfcl^ 
cess  of  the  alcali.  Potassa  and  soda  also  throw  down  the  onlei^ 
is  but  sparingly  soluble  in  those  alcalis.  ^ 

945.  Nitrate  of  Bismuth  is  decomposed  by  water,  and  the  d 
bismuth  is  thrown  down  in  the  form  of  a  fine  white  poirdefi^ 
Ttuigistery  of  bismuth,  pearl  white,  or  blanc  de  fard.  In  dai  4 
has  been  used  in  medicine  as  a  tonic. — Quarterly  Joumai,  viu.! 

946.  If  characters  be  written  on  paper  with  nitrate  of  biimil 
are  invisible  when  dry,  but  become  white  and  legible  on  immen 
water,  thus  forming  a  white  sympathetic  iiik.  The  same  chaiacti 
rendered  brown  or  black  by  solution  of  sulphuretted  hydrogen. 

947.  Svlphuret  of  Bismuth  is  of  a  bluish  colour  and  metaUiel 
it  consists  of  72  B.  +  16  sulphur.  (J.   Davy,  Phil.  Trans., 
The  compound  analyzed  by  Vauquelin  appears  to  have  been  a 
phuret. — Annales  du  Museum,  Tom.  xv. 

948.  Native  Sulphur et  of  Bismuth  has  been  found  in  Comwj 
hemia,  Saxony,  and  Sweden.     It  occurs  massive  and  acicular, 
ire  is  metallic,  and  its  colour  bluish  grey.     It  is  a  very  rare  mn 

949.  Neither  the  Sulphite  nor  the  Hyposulphite  of  Bism^ 
been  examined. 

950.  Sulphate  of  Bismuth  consists  of  80  oxide  +  40  acid ; 
white  compound,  insoluble  in,  but  decomposed  by  water,  whi 
verts  it  into  a  suhsulphate  and  super  sulphate. 

931.  Hydrosulphuretted  Oxide  of  Bismuth  is  of  a  deep  brB" 
proaching  to  black.  It  is  thrown  down  from  nitrate  of  bismuth  1 
phuretted  hydrogen. 
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wflmnt  of  Bismuth  does  not,  according  to  Pelletier,  exist ; 
aoDot  be  fitrmed  by  the  usual  process, 
itber  the  hypophosphite,  phosphite,  phosphate,  carbonate^ 
\iiOT  borate  of  bismuth  haTe  been  !«utiiciently  examined, 
nuth  forms  alloys,  some  of  which  are  remarkable  for  their 
With  gold,  platinum,  and  silver,  it  forms  brittle  compound!], 
d  of  eight  parts  of  bismuth,  five  of  lead,  and  three  of  tin, 
212"  ;  it  is  called  Sir.  I.  Newton's /tM*6/<?  metal.  The  ad- 
iput  of  quickttilver  renders  it  yet  more  fusible.  l>isnmth 
the  composition  of  soft  solders.  These  alloys  are  most!  v 
e,  iod  easily  oxydatcd. 


To  obtaia 


Section  XVII.    Cobalt. 

Wane  combinations  of  cobalt  are  the  oxide,  andcompoundi 
with  iron,  nickel,  arsenic,  and  sulphur.  It  is  also  found 
Ih  irsenic  acid.  In  the  white  and  grey  cobalt  ores,  the 
billed  with  iron,  and  with  arsenic  :  Some  of  the  varieties 
Bd  in  cubes,  octoedrons  and  dodecaedrons.  The  red  ore 
:e.  The  finest  specimens  are  the  produce  of  Saxony. 
itain  pure  cobalt,  the  cobalt  of  commerce,  in  fine  powder, 
led  with  four  parts  of  nitre,  and  washed  in  hot  water,  bypun'Tob'kif 
:  is  separated  :  then  digest  in  dilute  nitric  acid,  and  im- 
of  iron,  which  will  separate  the  copper ;  filter  and  eva- 
ness  ;  digest  the  dry  mass  in  liquid  ammonia  and  filter ; 
:e8s  of  ammonia  from  tlic  filtered  liquor  by  heat,  taking 
roduce  a  precipitate,  and  tlien  add  solution  of  potassa, 
down  oxide  of  nickel ;  filter  immediately,  and  boil,  which 
the  separation  of  oxide  of  cobalt,  and  which,  ignited  with 
ishes  the  pure  metal.  In  this  process  the  first  calcination 
3D  requires  two  or  three  repetitions  in  order  to  get  rid  of 
he  arsenic,  which  adheres  to  cobalt  with  much  obstinacy, 
t  is  of  a  reddish  grey  colour,  brittle,  and  dilhcultly  fusi- 
ific  gravity  is  7.7.     It  is  magnetic. 

i  and  Oxys^en  unite  in  two  proportions.  The  Protoxide  is 
ling  potiL«sa  to  the  nitrate,  and  drying  the  precijiitatc  ;  it 
dark  blue  or  nearly  black.  By  exposure  to  heat  and  air 
additional  portion  of  oxygen,  and  is  thus  converted  into 
f.  The  protoxide,  when  recently  precipitated  and  moist, 
if  left  in  contact  of  water,  becomes  a  red  hydrate.  The 
•f  the  protoxide  of  cobalt,  deduced  from  the  analysis  of 
(960)  is  32.5  cobalt  +  8  oxygen  =  40.5  ;  or  100  cobalt 
en*. 

t  is  nearly  the  mean  of  those  published  by  Proust,  (Jln- 
i>.  Vol.  Ix.)  and  Rothoff,  {Annals  of  Phil.  Vol.  iii.)     It 


is  last  cxprrinMTits  (Aim.  P»>.  rnw  w  rios,  p.  '2.>n  inukcs  the  atom  of  c^t 
jcr  p\€n  nlwv.*  dws  not  .t«fnH'  with  a  law  which  sirtiiis  will  «si«l)h!jncd  h> 
ubitUK-vS,  vr/.  that  all  nuniUrs  urr  <r?n  int'fCfm  ^Nh^-ii  hydro^frn  c-.  1 
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?r-n^?.r?  mm  tn^  eiperimeDH  of  the  latter  chemist,  th.it  the  pero 
'-  i  :::  or/^iii?  l'"-»  wetil  +  36.7  oxygen,  which,  in  reference 
..■>-.Yo  irf  Jca-.-n  ir-'M  l^e  chloride,  would  lead  us  to  consider  its 
:  r^^-iiai:  ooe  jiropt-nional  of  cobalt  and  one  and  a  half  of  oxygen 
■^r  >  Jt*  of  cobalt  contain  the  protoxide. 

i^3*i.  CoKili  bums  when  heated  in  chlorine  ;  and  forms  chio\ 
•:<:'::.    When  muriate  of  cobidt  is  evaporated  to  dr^rness,  and  t 

•  .^:^m  heated  to  redness  out  of  the  contact  of  air,  a  substance  of 

*  ^!:T:r  jod  micaceous  texture  is  obtained,  which  is  a  pare  chloi 
•S<dr.     It  dissolves  perfectly  in  water,  forming  a  pink  solutioiL 

i't'X  As  the  chloride  of  cobalt  is  easily  formed,  and  as  it  is  ape 

\  JciiaJte  compound,  it  offers  an  unexceptionable  substance, 

<'.:.:ch.  bv  analysis,  to  deduce  the  equivalent  number  of  the  i 

for  ihis  purpose  33  grains  of  the  pure  chloride  were  dissolved  ini 

•:■  J  decomposed  by  solution  of  nitrate  of  silver  :  the  precipiti 

1.  hloride  of  silver  dried  at  a  dull  red  heat,  weighed  68  grains,  wl 

:he  equivalent  of  10.73  grains  of  chlorine  ;  hence  the  32  gni 

.'hloride  of  cobalt  arc  composed  of  16.73  chlorine  +  15.27  cpi 

.^.nd  16.73  :  15.27  :  :  36  :  32.8   =  the  equivalent  of  cobilt. 

■  hloride  of  cobalt,  therefore,  may  be  considered  as  composed rf 

1  proportional  of  cobalt    .  .  .  =  32.8 
1  chlorine  .  .  =  36.0 


68.8 


9GI,  Chlorate  of  Cnbalt  has  not  been  examined. 
*J62.  Muriate  of  Cobalt  is  a  deliquescent  salt,  of  a  blue  green  oo] 
i'l  may  be  formed  by  digesting  either  oxide  in  muriatic  acid ;  if  th 
roxidc  be  used,  chlorine  is  evolved,  and  it  passes  to  the  state  of 
Loxide.  Wh(>n  a  little  diluted,  this  solution  becomes  pink;  the 
pink  solution,  when  written  with,  is  scarcely  visible ;  but  if  | 
litMtod,  the  writing;  appears  in  brilliant  green,  which  soon  vanill 
tho  paper  cuols,  in  consequence  of  the  salt  absorbing  the  aerial 
lure.     Tiiis  solution  has  been  termed  HdloCs  sympathetic  ink. 

963.  Iodide  and  lodate  of  Cobalt  remain  unexamined.  No  pr 
tate  is  produced  in  muriate  of  cobalt  either  by  hydriodic  acid  or! 
odate  of  potassa. 

i)(>l.  With  nitric  acid  the  oxide  of  cobalt  furnishes  a  red  deli 
cent  nitrate  of  cobalt. 

965.  Ammonia  digested  upon  recently  precipitated  protoxide  t 
bait  slowly  dissolves  it,  and  forms  a  pale  pink  solution,  which  be< 
deeper  coloured  by  exposure  to  air,  in  consequence  of  the  meU 
sing  to  the  state  of  ]>eroxide.  The  ammoniacid  solution  of  the  p 
ido  forms  acicular  crystals  of  a  beautiful  pink  colour. 

966.  Suljihurct  of  Cobalt  is  formed  by  heating  the  oxide  wit 
phur.     It  is  yellowish  white. 

967.  Neither  the  Sulphite  nor  the  Hyposulphite  of  Cobalt  have 
oxamiued. 

963.  Sulpfiaie  of  Cobalt  forms  red  rhombic  crystals,  soluble 
p.irl*  of  water  at  60®.     It  may  be  made  by  ciii.solving  the  newly  | 
pitated  protoxide  in  sulphuric  acid  diluted  with  its  bulk  of  watci 
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allized  state  it  consists  of  one  proportional  of  oxide,  one  oC 
1  seren  of  water  ;  or 

40.5  protoxide  of  cobalt 
40.     sulphuric  ucid 
63.     water 


143.6* 

I  dried  at  a  temperature  of  500^,  the  crystals  fall  into  a  bJut: 
which  in  a  bright  red  heat  fuses  and  gives  out  sulphuric  acid 
a  black  oxide.  The  blue  powder  is  the  anhydrous  sulphate  of 
perfectly  soluble  in  water,  and  forming  a  pink  solution  ;  it  is 
deliquescent,  and  becomes  lilac  coloured  by  exposure  to  air. 
Fifty  grains  of  dry  sulphate  of  cobalt  dissolved  in  water,  fur- 
L  precipitate  with  muriate  of  baryta,  amounting,  when  dried  at 
iat,  to  75  grains  of  sulphate  of  baryta,  which  is  the  equivalent 
grains  of  sulphuric  acid  :  this  method  of  analysis,  therefore, 
lat  sulphate  of  cobalt  consists  very  nearly  of  equal  weights  of 
ic  add  and  protoxide  of  cobalt,  and  may  be  considered  as  veri-» 
le  analysis  of  the  chloride.  (960.) 

Sulphate  of  cobalt  forms  triple  compounds  with  potassa  and 
UDonia,  which  have  not  been  examined.  If  it  contain  nickel, 
■tab  are  of  a  greenish  tinge,  but  pink  when  the  cobalt  is  pure. 
HifdrotvlphuretUd  Oxide  of  Cobalt  is  precipitated  from  the  mu- 
hydroaulphuret  of  ammonia,  of  a  black  colour. 
Phosphuret  of  Cobalt  is  a  white  brittle  compound. 
Nothing  is  known  respecting  the  Hypophosphite  and  Phosphite 
It. 

Phosphate  of  Cobalt  may  he  formo.d  hy  double  deromposition, 
Iding  phosphate  of  soda  to  muriate  of  cobalt ;  it  is  insoluble,  of  a 
loar,  and  if  mixed  with  eight  parts  of  gelatinous  alumina  and 
it  produces  a  beautiful  blue,  which  may  sometimes  be  employ- 
ainters  as  a  substitute  for  ultramarine.  (Thexakd,  Tom.  ii.  p.  (Thomsbn  > 
The  theoretical  composition  of  phosphate  of  cobalt  is  34  oxide 
cid  =  62.     (Thonwon.) 

Carbonate  of  Cobalt  is  formed  by  decomposing  the  nitrate,  mii- 
r  sulphate  of  cobalt  by  carbonate  of  potassa,  or  soda  ;  a  reddish 
irder  is  precipitated. 

Ferrocyanate  of  potassa  forms  a  grass  green  precipitate  in  so- 
of  cobalt. 

Solution  of  borax  produces  a  pink  precipitfile  in  solution  of  mu- 
cobalt,  which  is  probably  a  borate  of  cobalt. 
The  salts  of  cobalt  all  contain  the  protoxide  ;  they  are  dccom- 
ly  ammonia,  which,  if  added  in  excess,  re-disHolves  the  oxide  : 
oric,  carbonic,  arsenic,  and  oxalic  acids,  produce,  by  double  de- 
itioo,  insoluble  red  or  lilac  precipitates  in  these  solutions. 
The  alloys  of  cobalt  are  unimportant. 

The  chief  use  of  cobalt  is  as  a  colouring  material  for  porcelain, 
ware,  and  glass  ;  it  is  principally  imported  from  Germany  in  the 
zqffre,  and  smalt  or  azure. 


omsmN  number  26  (which  seems  preferable)  the  oxide  will  ))c  '2i» 
imd  =  J  t  nrotox  :  -f.  40  sulphuric  acid  4-  63  wat^rr  cs=  1^7 

N  N 


n^^:J4.  and 
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J.^j  1  :-  jr-rjoj-'i  jy  calciQiDg  the  ores  of  cobalt,  by  which  f 

liiii  ^r-r^'-i:--    i.:*i  ■  -?iaaiized,  aod  an  impure  oxide  of  cobalt  w 

▼nit:  a  >  iiis-  i  ^  .J  ibout  twice  its  weight  of  finely-powdered  1 

r  ..u.:  ii^i  ■- -  "■-  :^i4<  are  made  by  fusing zaffre  with  glass  ;  or  1 

.:ni!i::  i  iiiv'  »-"'-'  ci'^qual  parts  of  roasted  cobalt  ore,  common  ] 

\\v\  iV"»iiM  "^:  -v.^-     Ir.  ihis  way  a  blue  glass  is  formed,  which,  whi 

^  irgpfjtf.!    •=  -•  water,  and  afterwards  reduced  to  a  very  fine  pof 


Section'  XVIII.     Uranium, 

Sc\.  Tbf.  native  hydraled  oxide  of  this  metal  has  been  teiMl 
itte,  or  vranitic  mica.  Its  crystalline  form  is  the  cube,  andM 
moiliticatioii<  ;  it  often  occurs  in  th^  auadrangular  plates.  It  a 
various  shades  of  yellow  and  green,  it  has  been  found  in  Fnn 
of  great  beauty  near  Callington,  in  Cornwall. 

982.  The  native  sulphuret  of  uranium  was  formerly  mistilcii 
ore  of  zinc,  and  called  pecA6/eitJe,  till  Klaproth,  in  1789,  deMll 
it  to  contain  uranium  combined  with  sulphur.  From  this  ore  on 
may  be  obtained  by  the  following  process  :  Reduce  it  to  powls 
expose  it  to  heat  in  a  mufQe  ;  then  digest  in  dilute  nitro-muriitic 
and  precipitate  by  excess  of  ammonia,  to  retain  oxide  of  copper 
lect  and  wash  the  precipitate,  and  dry  it  at  a  heat  approacluDi 
uess. 

When  exposed  to  a  violent  heat  with  a  small  quantity  of  charcM 
der,  metallic  uranium  is  obtitined. 

Uranium  is  of  a  grey  colour,  brittle,  and  very  difficult  of  fosic 
specific  gravity  has  not  been  ai^certained  with  precision.  6 
Mates  it  as  =  9.0. — Gehlen's  Journal^  iv. 

983.  Very  few  experiments  have  hitherto  been  made  upon  tl 
tal.  The  oxide  precipitated  from  its  nitric  solution  by  alcalia  iii 
but  by  heating  with  charcoal  it  becomes  black. 

984.  Chloride,  Muriate^  and  Chlorate  of  Uranium  have  not  In 
amined  ;  nor  is  any  thing  known  of  the  Iodide  or  lodate  of  Uran 

985.  Nitrate  of  Uranium,  formed  by  digesting  the  peroxide  ii 
nitric  acid,  and  crystallizing,  forms  yellow  prismatic  crystals,  ea 
luble  deliquescent  in  a  moist  air,  and  containing,  according 
cholz, 

CI  oxide 
^ib  acid 
14  water 

100 

986.  ^ubntirau  oj  Uranium,  upon  the  authority  of  Bacholz,i 
id  by  heating  the  nitrate,  which  renders  a  part  insoluble  in  wat 
<^epdrate>  in  the  form  of  a  yellow  powder. 

987.  Sulphuret  of  Uranium  exists  native.  Neither  the  HspOi 
lor  ^Iptxiu  of  Uranium  have  been  examined. 


MENACHAZriTE.  f5< 

BUfkmfe  9f  Uranium  forms  yellow  prismatic  crjstals,  decomposable 
'haXf  and  accordiDg  to  the  analysis  of  Bucholz,  coo^^isting  of 

70  oxide 

18  acid 

12  water 

100 

M.  According  to  the  same  authority,  the  peroxide  of  uranium  con- 
irti  of  80  metal  +  SO  oxygen  =  100 ;  so  that  if  we  consider  it  as  con- 
nta|oiie  proportional  of  metal  and  two  of  oxygen,  we  obtain  64  as  the 
mmuitative  number  of  uranium  ;  and  as  it  is  probable  that  the  prot- 
^  *  antunfl  half  the  quantity  of  oxygen,  the  oxides  would  consist  re«> 
^■7  of  64  uranium  +  8  oxygen,  and  64  uranium  +  16  oxygen  ; 
«^  numbers  are  at  yariance  with  those  deriv'ed  from  the  analysis 
nits  by  the  same  author,  and  at  all  events  are  merely  theoreti- 

^W.  The  salts  of  uranium  have  a  yellow  colour  and  an  astringent 
Mdlie  tarte.  Potassa  forms  in  their  solutions  a  yellow  precipitate, 
M  cariNNUrta  of  potassa  a  white  precipitate  ;  both  these  precipitates 
JiiehMe  in  excess  of  pure  alcali,  but  dissolve  in  the  carbonate. 

lie  of  potassa  produces  a  rich  brown  precipitate  in  solutions 

ly  which  is  very  characteristic. 


*.; 


Section  XIX.     Titanium. 

j:  in.  Titanium  exists  in  the  state  of  oxide  in  two  minerals,  in  tita 
nd  ui  menachanite. 
tSumkt  is  a  nearly  pure  oxide  of  titanium ;  it  is  of  a  brown  colour, 
aocars  embedded  in  the  quartz  and  granite  of  primitive  countries, 
Mmetimes  traverses  rock  crystals  in  fine  hair-like  filaments.  In 
country  it  occurs  at  Bedgellert,  in  Caernarvonshire ;  and  near 
m  Scotland.      The  finest  specimens  are  those  from  the  vicinity 

Blanc  and  St.  Gothard. 
mineral,  known  by  the  name  of  anatase,  octoedrite,  and  oysanitCy 
Wriy  of  the  same  nature  as  titanite.  It  is  found  in  Bavaria,  Nor- 
nr,  Switzerland,  and  in  the  valley  of  Oysans  in  France. 
itauuhanite  consists  principally  of  oxides  of  titanium  and  iron  ;  it 
femd  in  the  bed  of  a  small  stream  at  Menachan,  in  Cornwall.  JVV- 
iM,  ueriaf ,  rutiltte^  and  tphenej  are  also  ores  of  titanium. 

991.  The  metal  may  be  obtained  from  titanite  by  fusion  with  potas- 
;  the  fused  mass,  washed  with  water,  leaves  oxide  of  titanium,  con- 
nky  a  little  iron  ;  it  is  to  be  dissolved  in  muriatic  acid,  and  precipi- 
M  by  oxalic  acid.  The  oxalate  affords  the  metal  by  intense  ignition 
ll  eliarcoal :  it  is,  however,  scarcely  possible  to  obtain  it  in  any 
le  of  a^aUnation :  in  some  trials  made  in  the  Royal  Institution, 
JMag  like  globules  of  the  metal  could  be  procured,  and  the  crucibles 
He  always  fused.  . 

992.  From  menachanite,  white  oxide  of  titanium  may  be  obtainea 


5Q  CLftlUM. 

by  iufiing  it  mtb  potaesa,  and  adding  mariatic  acid  to  the  akdiiiea 

tion. 

993.  Titanium  is  of  the  colour  of  copper.  It  is  said  to  be  sw 
llble  of  three  degrees  of  oxidizement,  the  colours  of  the  oxides  b 
blue,  red,  and  white. 

The  6/tfe  is  formed  by  exposing  the  metal  to  beat  and  air;  As 
is  the  native  oxide  ;  and  the  white  is  that  which  is  precipitated  ftoi 
alcaline  solution  of  titanite  and  menachanite  by  muriatic  acid. 
cording  to  Vauquelin  and  Hecht,  {Journal  det  MituM^  No.  XT.)' 
white  oxide  contains  89  parts  of  red  oxide  and  1 1  of  oxygen. 

994.  The  action  of  chlorine,  of  iodine,  and  of  their  acids,  opa 
tanium,  have  not  been  examined.  The  carbonate  of  iitamumSim 
in  muriatic,  nitric,  and  sulphuric  acids,  and  phosphoric  acid  occtf 
a  white  precipitate  in  these  solutions.  Neither  the  muriaU,  db 
nor  sulphate,  are  crystal  I  izable.  The  solution  of  the  muriate  is  ipa 
ly  decomposed  by  exposure  to  light,  and  a  white  precipitate  of  « 
is  formed  in  it. 

995.  When  the  native  oxides  of  titanium  are  fused  with 
potassa,  at  a  temperature  not  too  high,  a  white  carbonau  ofik 
formed. 

996.  The  solutions  of  titanium  are  colourless,  and  affHdwMsf 
cipitates  with  the  olcalis  ;  ferrocyanate  of  potassa  gives  a 
pitate,  and  infusion  of  galls  a  red  one.     Hydrosulphuxct  «f 
occasions  a  greenish  precipitate. 


Section  XX.    Cerium. 

U\)l.  This  nirtnl  was  obtained  by  Hisinger  and  Berzelius,  £n 
mineral  foiiiul  at  r»H&itnHi>'  in  Sweden,  to  which  they  have  given  the! 
ofcerirr.  It  i*i  u\fo  contained  in  Allanitf,  a  mineral  from  Greed 
first  distinj£ui<hcd  as  a  peculiar  species  by  Mr.  Thomas  Allan,  of  i 
buFj^h.  It  rontains,  arxording  to  Dr.  Thomson's  analysis,  aboa 
per  cent,  of  oxide  of  reriuni. 

The  ore  is*  calcined,  pulverized,  and  digested  in  nitro-muriatic 
To  the  filtered  solution  saturated  with  potassa,  oxalic  acid  is  m 
which  occasions  a  precipitate  ;  this,  when  dried  and  ignited,  is  i 
of  cerium. 

This  oxide  is  extremely  difficult  of  reduction.  Mr.  Children 
cecded  in  fu'^inji;  it  by  the  aid  of  his  powerful  Voltaic  apparatus 
when  intonsc.iy  heated  it  burned  with  a  vivid  flame,  and  was  partt 
latilized.  Vanqiieliii  describes  cerium  as  a  hard  white  brittle  I 
— An7ialcs  dc  Chimie,  Vol.  iv. 

998.  Vauquelin  and  Hi:?inger  have  described  two  oxides  ff 
nm.  The  protoxide  is  white,  and  consists  of  cerium  100  +  « 
17.11.  The  pcroj'ide  is  brown,  and  contains  cerium  100  +  oi 
26.11.  If  we  regard  the  first  oxide  as  containing  1  proportioi 
metal  +  1^  of  oxygen,  and  the  second,  1+3,  then  the  number  r 
senting  cerium  will  be  91.9  and  the  oxides  will  consist  resped 
of  91.9  cerium  +  16  oxygen,  and  91.9  cerium  -f-  24  oxygen. 


CHLORIDE   OF   TELLURIUM.  £^61 

999.  Hariatic  and  sulphuric  acids  disBoWe  the  red  peroxide  of  ce- 
t'jrimB :  the  solutions  afford  yellow  crystals.     The  muriate  is  deliquen- 
;  the  sulphate  ditlicultly  soluble.     The  Sulphate  of  the  protoxide 
white  crystals  of  a  sweet  taste.     Nitric  acid  forms  with  the  pro- 
8  deliquescent  compound,  of  a  sweet  taste.     The  carbonate  is 
from  these  solutions  in  the  form  of  a  white  powder. 
^IQQOl  The  salts  of  cerium  are  cither  white  or  yellow,  as  they  con- 
the  protoxide  or  peroxide.     Their  neutral  solutions  taste 
Ferrocyanate  of  potassa,  and  oxalate  of  ammonia,  produce 
precipitates  soluble  in  nitric  and  muriatic  acids.     Neither  sulphu* 
fajdiogen,  nor  gallic  acid,  occasion  any  precipitate. 


Section  XXI.     Tellurium. 

Mil  ^  1001.  The  ores  of  tellurium  are,  1.  J^aiive,  in  which  the  metal  in 
ibtned  with  iron  and  a  little  gold.  2.  Graphic  ore^  which  consists  ot' 
iuiBHifgold,  and  silver.  3.  Yellow  ore,  a  compound  of  telluriunK 
^IgoM,  lead,  and  silver ;  and  4.  Black  ore^  consisting  of  the  same  metals 
P^'^mHk  copper  and  sulphur. 

These  ores  hare  only  been  found  in  the  Transylvanian  mines,  and  in 
Sberia. 

The  metal  is  extracted  from  them  by  precipitating  their  diluted  ni- 

tPD-moriatic  solution  by  potassa,  which  is  added  in  excess  ;  the  clear 

linpxiT  is  poured  off  and  saturated  with  muriatic  acid,  which  affords  a 

precipitate  of  oxide  of  tellurium.     This  heated  in  a  glass  retort  with 

charcoal,  furnishes  the  metal.     Tellurium  is  of  a  bright  grey  colour, 

kittle,  easily  fusible,  and  very  volatile.     Its  specific  gravity  is  G.l. 

jH.    1002.  Oxide  of  Tellurium, — Exposed  to  heat  and  air,  tellurium  readi- 

|^%  bums,  exhaling  a  peculiar  odour,  and  forming  a  yellowish  white  ox- 

iKie, confisting  according  toKlaproth,  (^Beitragey  Vol.  iii.)  of 

Tellurium  100 
Oxygen        20.6 

Hence  the  number  39  may  be  adopted  as  the  representative  of  the 
^^'  Betal ;  and  if  the  above  be  considered  u  protoxide,  it  will  contain 

1  proportional  of  tcllurinm  =  39 
I  of    oxygen    =    8 

Oxide  of  tellurium  =  47 

1003.  Chloride  of  Tellurium  ii^  a  white  fusible  compound,  formed  by 
heating  the  metal  in  chlorine.  According  to  Davy,  (^EletnerUs,  p.  410.) 
it  consists  of  2  tellurium  +  ^'^'*^  clilorine,  which  would  give  1  propoi- 
Sonnl  of  each  of  its  components,  or 

Tellurium #     39 

(  hlorinc 36 

Chloride  of  tellurium    75 


>6^  SELEKIUM. 

The  Chlorate  of  Tellurium  id  not  known. 

1004.  Iodine  readily  combines  with  tellurium,  forming  a  deep  I 
iodide^  which  dissolves  in  water,  forming  the  hydriodatt  of  iellu 
The  lodate  of  Tellurium  has  not  been  examined. 

1006.  The  salts  of  tellurium  are  decomposed  by  the  alcalii>,  an 
precipitate  is  re-dissolved  when  they  are  a^ded  in  excess.  Hydi 
ph<irct  of  ammonia  forms  a  brown  precipitate  ;  ferrocyanate  of  pc 
occasions  no  change.  Zinc  or  iron,  immersed  into  the  solatioiis,^ 
the  separation  of  metallic  tellurium. 

lOOG.  Telhiriuni  combines  with  hydrogen,  producing  tMuntU 
drogeti  gas.  The  soluble  salts  of  tellurium  furnish  white  predpi 
when  neutralized  by  alcalis,  which  are  soluble  in  excesis  either  o 
solvent  or  precipitant. 

*  1007.  The  oxide  of  tellurium  is  readily  soluble  in  muriatic,  b 
and  sulphuric  acids.  The  muriate  affords  a  precipitate  on  the  ■ 
tion  of  water. — Berzelius,  Nicuolson*s  Journal,  xxxri. 

1008.  The  oxide  of  tellurium  combines  with  many  of  the  mel 
oxides,  acting  the  part  of  an  acid,  and  producing  a  class  of  conqw 
which  have  been  called  tellurates. 

1009.  Tellurate  of  Potassa  may  be  formed  by  heating  oxide  rf 
lurium  with  nitre,  and  dissolving  the  residuum  in  boiling  water,  «l 
on  cooling,  deposits  an  imperfectly  crystallized  white  powdeTi  Ma 
soluble  in  water. 

1010.  Solution  of  telluriatc  of  potassa,  added  to  solutioH  of  B 
baryta,  strontia,  copper,  and  lead,  forms  insoluble  tellurates  of  te 
rdes  of  those  metals. 


.Sfxtion  XXll.     Selenium. 

101  ].  This  body  is  placed,  rather  from  analogy  than  experia 
r.mong  the  metals.  It  was  discovered  by  Berzclius  in  the  sulphi 
Fahlun  in  Sweden,  and  was  first  suspected  to  be  tellurium,  its  co 
is  grey ;  its  lustre  bright  metsiUic.  It  fuses  at  a  few  degrees  abovi 
boiling  point  of  water,  and  when  slowly  cooled,  assumes  a  gm 
fracture.  It  boils  and  evaporates  in  close  vessels  at  a  tempentv 
little  below  redness.  Heated  before  the  blow-pipe  it  volatilizes 
a  very  powerful  and  peculiar  smell,  somewhat  like  that  of  horsi 
dish. 

Selenium  unites  with  the  metals.  With  potassium  it  combines 
groat  energy,  producing  a  greyish  compound,  with  metallic  lustre 
ivhich,  when  thrown  into  water,  evolves  selenuretted  hydrogen  gas ^r 
is  highly  irritating  to  the  nostrils.  It  combines  both  in  the  dr 
ijumid  way  with  the  fixed  alcalis,  and  forms  red  compounds.  Hi 
ro  dryness  with  nitric  acid  it  forms  a  volatile  and  crystallizable 
pound,  called  selenic  arid,  which  unites  to  some  of  the  metallic  ox 
producing  a  distinct  class  of  sekniaies, — Annales  de  Chimie  et  Phyt 
Tom,  vii. ;  Thoms^o.v's  Anualf.  Vol.  xi.  and  xii. 


AKIENIOVS   AflU. 


^Q 


Section  XXIII.     Jrsenu*. 

IIS  metal  may  be  obtained  from  the  white  arsenic  of  com-  m  J-  oi  c, 
li^ng  it  with  half  its  weight  of  black  flux*,  and  introducing^'''"''*^ 
into  a  Florence  flask,  placed  in  a  sand  bath,  gradually  raised 
t :  a  brilliant  metallic  sublimate^  of  pure  arsenic  collects  in 
art  of  the  flask.     The  volatility  of  while  arsenic  prevents 
ction  by  charcoal  alone  ;  but  the  potassa  in  the  lla\  oiiablos 

a  temperature  sufficient  for  its  perfect  reduction. 
jenic  is  of  a  steel  blue  colour,  quite  brittle,  and  of  a  !^po-^ 
=  8.3,     It  readily  fuses,  and  inclose  vessels  may  bo  dis- 
smperature  of  360^,  which  is  lower  than  its  fusing  point, 
as  a  very  strong  smell,  resembling  that  of  garlic.     Heated 
sasily  takes  fire,  bums  with  a  blue  flame,  and  produces  cn- 

fumes  of  oxide.     Exposed  to  a  moist  air  it  gradually  be- 
iBted  with  a  grey  powder,  which  is  an  imperfect  oxide. 
uid  all  its  compounds  are  virulent  poisons, 
litre  arsenic  has  been  found  in  Saxony,  Hanover,  France, 
id  Cornwall.     It  usually  occurs  in  rounded  masses,  or  no- 
iliated  lamellar  texture,  in  the  veins  of  primitive  rocks,  and 
ciated  with  silver,  cobalt,  lead,  and  nickel  ores. 
lenic  and  Oxygen, — There  are  two  definite  compounds  of 
oxygen,  which  are  both  capable  of  forming  combinations 
letallic  oxides.     They  are  sour  and  soluble  in  water,  and 
been  properly  termed  arsenious  and  arsenic  acids. 
lious  acid,  or,  as  it  is  commonly  called,  white  arsenic,  oi' 
if  arsenic,  is  the  best  known,  and  most  commonly  occur  • 
nd  of  this  metal ;  and  as  cases  of  poisoning  by  it  are  fre- 
f  person  should  be  well  acquainted  with  its  characteristic. 

•enious  acid  may  easily  be  procured  by  the  combustion  oi' 
)ut  as  it  is  formed  during  certain  metalli]r<ric  processes. 
s  rarely  resorted  to.  It  is  abundantly  prepared  at  Joa- 
Bohemia,  from  arsenical  cobalt  ores,  which  arc  roasted  in 
•y  furnaces,  and  the  vapours  condensed  in  a  long  cliinmcy. 
of  which,  submitted  to  a  second  sublimation,  afford  the 
;  of  commerce. 

lenious  acid  is  white,  semi-transparent,  brittle,  and  of  j* 
ture.  Its  specific  gravity  is  3.7.  Its  ta?te  is  acrid,  accom- 
verv  nauseous  sweetness,  and  it  is  virulently  poisonoiw. 
flammation  and  gangrene  of  the  stomach  and  intestines  ;  it 
fatil  when  applied  to  a  wound  ;  anil  as  the  local  injury  i- 
ise  suflicicnt  to  cause  death,  it  is  probable  that  an  inducoii  ^..  .. 
he  nervous  system  and  of  the  heart  is  the  cause  of  the  mi-- 
)DiE-s  Observations  and  Experimtnls  on  the  Action  of  Foi 


aUwncly  us;.^fiil  r.omiK»und  for  effecting  the  itiducllon  otiimny  of  the  mH:i  i- 
iUtsol"  chuKoal  and  nilxarlx»nut«  oi  |yjtai-SJi,  Jiiid  is  \»  -t  prrpu';*^'!  uy  a^"a-nL^/k  " 
:ible  u  inixtiirtiofont!  pail  of  iiim-  and  two  of  iviwdr-n  d  tnrlar.     lJinmi«urp 
II  at  ii  red  bout,  and  lUus  sutler-  th»i  sinall  '^lo'^ilrs  ..f  i.-dtic*'d  nfiV 
cm. 


?-TA*rjk. 


^.   :  •:  vi'the  poison  b^  proilucii 

J.  .rriio  the  usual  oiCHnss  fur  i\ 

..    i"*f  the  principal  puiiits  of  Ircal 

:i-  poison  has  been  taken. — Or 


:x 


r  'it: 


ir^onious  acid  Ibrins  tetruvdr.il  cryi 

•  -mell  when  perfectly  free  fromn 

rtt  rly  Journal  of  Science  and  mlrU^ 

'.I,  1000  parts  of  water  at  CO®  dissolve  I 

..;:•:?  of  water  at  '212*^,  dissolve  rather 

«.  parts  arc  retained  in  permanent  soh 

• :    mJ  nauseous,  and  redden  vegetable  li 

•   -.  dissolve  one  part  of  this  acid.     Its  aqi 

.  -  r  -ir:-]  crystals  by  slow  evaporation. 

.!!.:•.>>'  'n   of  the   ai*senious   acid,  as  estimate 

arc:   i'homson  (Thomsos's  Systcmy  Vol.  i.  p.  1 

%  4:;£  mean  : 


«l 


34         =  134. 


.  s«.vr  liiis  acid  as  a  compound  of  one  proportional  o 
fc     ;;"  oxygen,  we  obtain  the  number  47.06  a^  the  re 
!  >c::ic ;  for 

:n  :  100  :  :  IG  :  47.06*. 

i..i:t'rul  error,  therefore,  we  may  adopt  47  as  the  r€ 
.:ms  metal,  and  the  arsenious  acid  will  then  consist  o 
-  '  .*  ox\*jen  =  0->. 

'^.  .iit' White  Arsenic  occurs  in  prismatic  crystals,  and 
.  -.  lorm  :  it  is  found  in  Saxony  and  HungJiry. 
"no  ar>enious  acid  forms  a  distinct  class  of  salt?,  CidW 
^cli  have  been  but  little  exanuned. 
>t;!/'o'  (»/'  uiuinunnK  potasi^a^  and  soda,  are  easily  ^ohlble 
.  '..d»le  :  they  are  formed  by  boiling  the  acid  in  the  ale 

rho*e  of  UiHL^  baryta^^trontia^  and  magnesia ,  arediffi 

.yd  formed  in  ihe^ame  way.     Arsenite  of  potassa  isthi 

.  V  :u  \u  the  litjiior  arsenicalis  of  the  Phannucnpaia,  an 

.  -.:.'  solution  or  tasteless  aiftte  drop, 
.  r'  .luuuonia  produces  a  yellow  precipitate  in  nitrate  o 
•  >v'l'.:Me  in  excess  of  ammonia. 

.  , :  pota^sa  produces  a  white  precipitate  in  the  white  sa 
.  .  .;  iino  green  precipitate  in  the  solutions  of  iron  ;  a  ^ 

;  >c^lutions  of  zinc  and  tin.     Mixed  with  a  solution  o\ 

'.  ;»^;.  a  precipitate  of  a  tine  apple-j^reen  colour  tails,  c 

>.    .ever.  .SWf*'e/t'\s  :r>-tf/i,  an,l  jjj  vihe till  as  a  pigment.     I 

..    vavL  antimony,  and  bismuth,  it  form??  white  precipit 

.,. .  ;%c  of  cobalt  it  forms  a  pink  precipitate  ;  and  brigh 


• .  «i 


.»>iiilM>>iti«:ii  oT"  I'.rM'uic  acid 4.75  »i}>tnic  -4-  '^  aKlnl^  o\va,»n. 
iV->i»  ■  i  K  tin-  sitoiii  of  arsenic  will  be  3H,  siiid  tht*  artsc-iiic  ;iii'l 
^  ^  .H.  ^u.'.v%>*i»  :u  III  will  Uv  JU-f  1t»=>*,  lhi»  hijit  nunilK-r  sttMiis  pivfrnibl 
"^.^NaBifc.-^  ''to  Ji'ptarcd  pnnKi-  astllc  nuiubcra  in  the  text  arc  deduced  ironi » 


AJK8ERIATB  OF   UQDA.  »65 

',  vith  iiitnte  of  oranium.  With  nitmte  of  silyer  it  fonnB  a  white 
cipitBte,  iooD  becoming  yellow,  and  very  soluble  in  ammonia.  All 
••Bredpitates  are  probably  arteniiet  of  the  respective  metals,  and, 
M  by  a  blow-pipe  on  charcoal,  they  exhale  the  smell  of  arsenic. 
WrtnM  Aruniie  of  Lead  is  found  in  France,  in  Spain,  and  in  Siberia. 
W2.  Anenic  Acid  is  obtained  by  distilling  a  mixture  of  4  parts  of 
IMc  and  24  of  nitric  acid  off  8  p^rts  of  arsenious  acid,  gradually 
■Utile  bottom  of  the  retort  to  a  red  heat  at  the  end  of  the  opera- 
h  tt  nay  also  be  procured  by  distilling  nitric  acid  off  powdered 
Ipicmeiiic. 

Arsenic  acid  is  a  white  substance,  of  a  sour  taste ;  it  is  deli* 
and  uncrystallizable.     Its  specific  gravity  is  3.4.     It  requires 
6  parts  of  cold  and  2  of  boiling  water ;  its  splution  reddens 
■Mfe  bines,  and  tastes  acrid  and  metallic. 

m.  It  appears,  from  the  experiments  of  Proust  and  Thomson, 
Mbe  oxygen  in  the  arsenic  acid  is,  to  that  in  the  arsenious  acid,  as  3 
I;  hence  we  may  regard  it  as  a  compound  of  1  proportional  of  ar- 
ie  :=  47,  and  3  proportionals  of  oxygen  =  24,  and  its  representa- 
t  nainber  inll  be  7 1 . 

M6.  The  Artiniaiet  are  produced  by  the  union  of  this  acid  with 
— lallir  mides ;  and  many  which  are  insoluble  may  be  formed  by 
E^ganMBJate  of  potassa  to  their  respective  solutions. 
^U,  ArstniaU  of  Ammonia  is  formed  by  saturating  arsenic  acid 
k  snaonui ;  rhomboidal  prisms  are  obtained  on  evaporation,  which, 
m  geni^  heated,  e£Boresce  and  evolve  aomionia :  at  a  higher  tern- 
sisn  water  is  formed,  oxide  of  arsenic  sublimes,  and  nitrogen  is 
Ifni,  ■  circumstance  first  observed  by  Scheele. 
QS7.  Aneniate  of  Potassa  is  deliquescent  and  uncrystallizable. 
02tf.  Binarttniate  of  Potassa  may  either  be  formed  by  adding  excess 
ticnic  acid  to  potassa  and  evaporation  ;  or  by  heating  to  redness,  in 
lorence  flask,  a  mixture  of  equal  parts  of  nitre  and  white  arsenic ; 
log  the  latter  operation  much  nitrous  gas  is  evolved,  and  on  dissolv- 
the  residue  in  water,  filtering,  and  evaporating,  quadrangular  crys- 
ef  binarseniate  of  potassa  are  obtained.  Macquer  was  the  first 
i  thos  procured  this  compound,  hence  it  was  termed  Jtfac^u^r'j  neu- 
I  cramteo/  salt.  It  is  not  easily  decomposed  by  heat  alone,  and 
f  be  fiised  and  kept  red  hot  without  undergoing  other  change  than 
Ig  a  little  acid,  but  when  mixed  with  about  an  eighth  of  charcoal 
ajer  and  distilled,  metallic  arsenic  rises,  and  carbonate  of  potassa, 
Hi  with  part  of  the  charcoal,  remains  in  the  body  of  the  retort, 
ibnlt  is  osed  in  pharmacy  for  the  cure  of  agues :  it  consists  of 

1  proportional  of  potassa ==    48 

9  — — — —  arsenic  acid    .  .  .  .  =  142 

190 

1029.  Aneniate  of  Soda  is  formed  by  saturating  a  solution  of  carbo- 
e  of  soda  with  arsenic  acid  ;  on  evaporation  crystals  are  obtained, 
ich  appear  to  consist  of 

1  proportional  of  soda =  32 

1  ■     ■     arsenic  acid  .  .  .  .  =  71 

lor^ 

00 


c£^(j  ARSENIATC   OF    LEAD. 

1030.  Arseniate  of  Lime  »  deposited  when  arsenic  acid  is  dro| 
into  lime-water,  or  when  ai*8eniatc  ol'  potassa  is  added  to  nitn 
lime  ;  it  is  difficultly  soluble  in  water,  and  consists,  according  to 
gier  (^Annale*  de  Chimiey  Ixxxv.  6b.)  of 

Arsenic  acid 67 

Lime 33 

numbers  which  do  not  exactly  correspond  with  1  proportional  o 
+  1  of  base. 

103J .  Arseniatc  of  Baryta  may  be  formed  by  mixing  anenii 
potassa  with  nitrate  of  baryta  ;  when  the  acid  is  not  in  excess  itn 
Inble  in  water.  It  may  be  considered  iis  a  compound  of  1  propoil 
of  acid  =  71  +  1  of  baryta  =  78. 

1032.  Arseniatc  ofStrontia  is  formed  as  the  last,  and  is  insohibl 

1033.  Arscniaic  of  Magnesia  is  soluble,  deliquescent,  anfl  oner 
lizable. 

1034.  Artieniate  of  Manganese  is  precipitated  in  the  fonn  ofai 
powder,  when  arseniate  of  potassa  is  added  to  muriate  of  mopK 

1035.  Arseniate  of  Iron, — Arscninte  of  ammonia,  added  to  fhei 
tions  of  protosulphnte  and  persulphate  of  iron,  occasions  gmMb 
cipitates  oi  protarscniatc  ^nd  perarseniate  of  iron  both  of  wkkkl 
been  examined  by  Mr.  Chenevix. — Phil,  Trans,^  1801,pp.  StO,' 

103().  Arseniate  of  Zinc  is  precipitated  in  the  form  of  awhiteii 
ble  powder  when  arsenic  acid,  or  an  alcaline  arseniate  is  added  li 
phate  of  zinc. 

1037.  Arseniate  of  Tin  is  a  white  insoluble  powder,  predpitili 
adding  arseuiate  of  poUiSisa  to  muriate  of  tin. 

1038.  Arseniate  of  Copper  is  formed  by  adding  an  alcalitie  UMl 
to  nitrate  of  copper ;  it  is  a  blue  insoluble  powder.  The  aiMi 
of  copper  have  been  submitted  to  an  elaborate  investigsAioB'lf 
Chenevix  (/^/iiV.  Trans.,  1801.);  he  has  described  five  raridai 
shown  in  the  following  table. — Thomson's  Systemy  ii.  616. 

Arid.  Oviilr.  Waltr. 

Variety  l*r "j.""  ....     3.70     ....     2.50 


-'' 1 e.76  ....  1. 

3'' 1 1.72  ....  0.70 

'^ff' 1 1.80  ....  CSS 

^fh 1 0.C8  ....  0.60 


Dr.  Thomson  considers  these  varieties  as  reducible  to  foursA 
cies,  as  follow  :  1*^  A  subarseniate,  comjiosed  of  1  atom  wai 
atoms  peroxide.  2rf.  A  subarseniate,  composed  of  1  atom  add 
atoms  peroxide.  3d.  and  4i/i.  A  neutral  arseniate,  composed 
atom  acid  +  1  atom  peroxide,  orh.  A  binarseniatc,  compoMd 
atoms  acid  +    J  alom  peroxide. 

1039.  Arsiiiiott  if  Uad.  It  may  be  formed  bv  pouring  arsenii 
into  any  of  the  soluble  -alts  of  lead,  when  it  falls"  in  the  form  of  a 
powder,  nisoluble  in  water,  but  soluble  in  dilute  nitric  acid  ;  acii 
stance  which  en^ibb^^  us  in  analyses  to  separate  it  from  sulphate  of 
which  IS  msoluble  (}^yi\)  This  compounii  is  fusible  without  decc 
sition  ;  but  if  it  be  lu-ated  with  charcoal,  both  the  lead  and  m 
are  reduced^  and  the  latter  evaporates.  This  compouad  consist 
cording  to  theory,  of 


IODIDE   OF   ARSENIC.  S$7 

Arsenic  acid    38.5 

Oxide  of  lead 61.5 


100. 
analysis   {Annales  de  C%mie,  i.)  gives  its   component 

Acid     35.7 

Oxide 64.3 


100.0 


niaie  of  Antimony. — Nothing  is  known  respecting  the 
3f  arsenic  acid  with  either  of  the  oxides  of  antimony. 
note  of  Bumuih  falls  as  an  insoluhle  white  powder  on  add- 
id  to  nitrate  of  bismuth. 

note  of  Cobalt  in  precipitated  of  a  red  colour  by  the  ad- 
caline  arscniatc  to  a  soluble  salt  of  cobalt, 
■tale  of  Uranium  is  thrown  down  of  a  straw  colour  when 
potassa  is  added  to  nitrate  of  uranium. 
eral  of  the  metallic  arscniates  are  found  native ;  of  these 
lortant  are,  1.  The  arseniate  of  iron^  which  occurs  ia 
ally  in  cubic  crystals  of  various  shades  of  green.  2.  Ar^ 
tevj  of  which  there  are  two  principal  varieties,  the  green 
be  green  is  found  in  flattened  octoedra,  in  hexaedral  tables, 
with  dihedral  summits.  Sometimes  it  is  massive,  or  fl- 
idiated.  The  blue  variety  is  tetraedral,  octoedral,  and 
lese  beautiful  minerals  are  almost  peculiar  to  Cornwall. 
f  lead  occurs  in  small  hexaedral  crystals,  of  a  yellow, 
vn  colour,  transparent,  and  of  a  resinous  lustre.  It  has 
I  Cornwall,  France,  and  Spain.  4.  Arseniate  of  Cobalt, 
m  cobalt  orc^  is  a  rare  mineral  found  in  Saxony  and  Corn- 

tic  and  Chlorine. — CIdoride  of  arsenic  is  formed  by  throw- 
rdered  arsenic  into  chlorine  ;  the  metal  burns  and  forms 
percent  and  volatile  compound  ;  it  may  also  be  obtained 
parttf  of  corrosive  sublimate  with  1  of  powdered  arsenic  ; 
a-sscs  into  the  receiver  in  the  form  of  an  unctuous  fluid, 
*d  butler  of  arsenic.  Mixed  with  water,  the  chloride  of 
omposed,  and  white  oxide  or  arsenious  acid  is  deposited, 
being  at  the  same  time  produced.  Hence  it  may  be  iu- 
le  chlorine  is  to  the  arsenic  in  the  same  proportion  as  the 
:onsequently,  that  it  consists  of  1  proportional  of  arsenic 
tnals  of  chlorine,  which,  from  Dr.  Davy's  experiments,  ap  • 
le  case.     Chloride  of  arsenic  therefore,  is  composed  of 

+  72  chlorine  =119  chloride  of  arsenic. 

rate  of  Arsenic  has  not  been  examined. 

ie  of  Arsenic,  obtained  by  heating  the  metal  with  excess 

>f  a  deep  red  colour,  and  volatile.     When  acted  upon  by 

luces  hydriodic  and  arsenic  acids,  whence  it  appears  pro- 

:ontains  1  proportional  of  arsenic  and  3  of  iodine. 

'  Action  of  iodir  arid  on  arsenic  has  not  been  examined. 


150  \KbEMt   AND   eULFHVR. 

104^.  Aneui*:  and  Hydrogen, — ArsenurtUtd  Hydrogen  Gmj- 
arsenic  is  prci^ented  to  nascent  hydrogen,  a  portion  of  the  me 
bines  with  the  gas.  The  compound  is  best  obtained  by  addiB 
tion  of  metalli(;  arsenic,  or  of  white  arsenic,  to  the  miztiire 
filings  and  dilute  sulphuric  acid,  usually  employed  for  the  pr 
of  hydrogen.  (227).  The  gas  may  be  collected  o?er  water,  1 
it  is  not  sensibly  absorbed. 

1050.  The  specific  gravity  of  this  gas  is  liable  to  vary  kci 
the  mode  by  which  it  is  procured.  I  have  always  found  it 
when  obtained  from  a  mixture  of  4  parts  of  zinc,  1  of  aTMii 
of  sulphuric  acid,  diluted  with  4  or  5  of  water.  After  standi 
over  water,  it  deposits  a  small  quantity  of  brown  matter,  whici 
to  be  a  hydrurct  of  arsenic,  and  then  has  a  specific  gravity  of 
to  14,  hydrogen  being  =  1.  This  is  considerably  heavier 
usual  estimation.  If  the  gas  were  composed  of  1  proportioiia 
nic  and  two  of  hydrogen,  without  condensation,  100  cubical  inch 
weigh  51.75  grains,  and  its  specific  gravity  to  hydrmnen  would 
But  Gay-Lussac  and  Thenard,  {Recherches  PhyneO'Chmuqun, 
p.  230.)  have  shown  by  decomposing  it  by  tin,  that  100  ^art 
to  140,  which  would  still  increasie  its  specific  gravity,  it  beuf 
that  3  volumes  o£  hydrogen  are  condensed  into  2.  It  is  probaU 
fore,  that  the  gas,  hitherto  described  under  the  name  of  ane 
hydrogen,  is  a  mixture  of  the  real  compound  with  hydrcfes. 

1051.  The  gas  obtained  by  the  above-described  proceniie 
in  volume  and  deposits  arsenic  at  high  temperatures  :  expon 
tense  cold  is  said  to  occasion  its  liquefaction.  It  smells  stm 
ceous  ;  it  extinguishes  a  taper,  and  burns  with  a  pale  bine  I 
positing  arsenic  and  its  oxide.  If  detonated  with  about  4  t< 
oxygen,  arsenious  acid  and  water  are  formed.  According  to  St 
(Nicholson's  Journal^  Vol.  xix.)  it  requires  for  it:*  pei^ect  cc 
0.72  pails  of  its  bulk  of  oxygen  ;  but  this  is  probably  not  su 
burn  the  arsenic. 

1052.  If  bubbles  of  chlorine  be  p;i3scd  up  into  a  jar  of  ars- 
hydrogen,  standing  over  warm  wator,  dame  and  explosion 
produced,  muriatic  acid  is  formed,  and  a  brown  hydruret  is  d 
but  if  the  gas  be  passed  in  the  same  way  by  successive  bul 
chlorine,  no  inflammation  results,  absorption  takes  place,  anc 
acid  and  chloride  of  arsenic  are  formed.  If  the  chlorine  be 
pure,  and  when  the  gases  are  cold,  inflammation  seldom  foil 
mixture. 

1053.  Chlorine,  added  to  a  mixture  of  sulphuretted  with  a 
ted  hydrogen,  causes  a  deposit  of  red  sulphuretof  arsenic. 

1054.  Nitric  acid  suddenly  decomposes  arscnuretted  hydrc 
ter,  oxide  of  arsenic,  nitrous  acid,  and  nitric  oxide  are  the  res 

1065.  Arsenic  and  Sulphur, — By  slowly  fusing  a  mixture  o 
arsenic  and  sulphur,  or  by  heating  white  arsenic  with  sulpl 
sulphurel  of  arsenic  is  obtained.  It  is  crystallizable,  and  of  f 
fracture :  its  specific  gravity  is  3.4.  It  is  usually  known  u 
name  of  realgar,  and  occurs  native  in  Germany  and  Switzc 
veins  of  primitive  rocks  and  among  volcanic  matter.  Its  primi 
ia  an  acate  octoedron. 

1056.  If  white  arsenic  be  dissolved  in  muriatic  acid,  and  p 
^^  by  hjdrosnlphuret  of  ammonia,  a  fine  yellow  sulphuret  o\ 
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khhdil  Qpon  <nly  diffen  in  fam  frgm  realgar :  it  is  unally 
^tniaMf.  According  to  Laugier,  {Jln»alei  de  Ckimit,  Izxxr.) 
pMarelt  are  conposed  of  about  58  tmenic  anil  48  sulphur. 
tt«m  little  fnai  1  proportional  and  i,  or 

ic  +  3E  flulphar  =  79  sulphuret  of  arseoic. 
mKt9iK*l''*0rpimtnt'M  of  a  bright  lemon  or  golden  colour.     It  id 
-—'--  imn  and  lametlar.     It  occurs  both  in  primitive  and  «c- 
Ifiiii  Suabia,  Hungary,  China,  and  South  America. 

CDDnat  baa  successfnlly  employed  an  ainmoniacal  so* 
ret  of  anenic  as  a  dye  stuff;  the  jiroccs^  he  recom- 
iwa  :  I  part  of  sulphur,  2  of  white  arsenic,  and  5  of 
rtto  be  fated  in  a  crucible  at  a  heat  a  Uttle  below  rednesa  : 
I,  which  is  to  be  diuolved  in  hot  water  and  filtered  ; 
idlNiQtioa,  diluted  with  water,  is  to  be  treated  with  weak  sul- 
ii  md  will  gire  a  fine  yellow  precipitate,  which  easily  dis- 
MfakMonia,  Ibraiing  a  solution  at  first  yellow,  bat  becoming  co- 
iMMaMiiig  more  anunonia.  The  wool,  silk,  cotton,  or  linen  is 
0  Sffti  mAo  tluB  solution,  more  or  less  diluted  according  to  the 
nr  rmpiind,  care  being  taken  that  no  metallic  vessels  are  used ; 
t  Of)  tikiDgtbeaontthey  are  at  first  colourless,  but  as  the  ammonia  eva- 
'  PenUi  become  yellow ;  they  are  then  to  be  freely  exposed  to  the  air, 
%j(«h«J  jind  iliied.  This  colour  is  very  permanent  but  soap  impairs  iL 
105^.  ^pkmnt  of  Artnie  and  Iron  a  found  native  in  many  parts  of 
Gampif.  Il  is  of  a  more  silvery  colour  than  iron  pyrites,  and  when 
htttcA  ezhkles  the  odour  of  arsenic.     It  is  called  arteHical  pyritet,  or 

1060.  Nothing  is  known  respecting  the  Sulphitt  or  the  IlypMuljAite 

106 1 .  Sulphuric  acid  is  slowly  decomposed  when  boiled  upon  araen- 
SnlphurouR  acid  ia  evolved,  and  difficultly   sohible  crystalling 

:rHinsor  tvlpkattof  aruniean  deposited  as  the  solution  cools. 

1062.  PAoipAwrtf  of  Aru»ie  is  formed  by  heating  the  metal,  or  its 
;iude,  Mith  phoephorus  ;  it  is  grey  and  brittle. 

1065.  Neither  the  Hypophoiphitt  nor  Photpkite  of  Arsenic  h.ivc  been 
tunined, 

1064.  PkogpkMe  (f  Antnit  is  formed  in  difficultly  soluble  rrystalline 
{nans,  by  boiling  white  arsenic  in  phosphoric  acid. 

1065.  There  appears  to  be  no  CarfioiwWe  of  Arseme. 

1066.  .\r8>!nic  forms  alloys  with  most  of  the  metals,  and  they  mt 
pnerally  brittle.  With  potassium  it  forms  a  brownish  compound. 
■rhicK,  when  pat  into  water,  evolves  less  hydrogen  than  pure  potan- 
imm,  in  con^icquence  of  the  formation  of  hydruret  of  arsenic.  With 
'txluiin,  ihe  nlloy  ts  either  brown  and  of  an  earthy  aspect,  or  grey  and 
iu<^[allic,  according  to  the  proportions  of  the  metals  ;  wateracts  upon 
ilaji  iiponlhe  former.  (G*y-Lus9*c  and  Thenard,  liecherckes Phtjtif.o- 
Oiimi^tui.  Tom.  i.)  The  alloy  of  artenic  and  manganese  is  nol 
known.  With  iron,  zinc,  and  tin,  it  forms  while  brittle  cum|H)utids; 
«iih  copper  il  forms  a  white  malleable  alloy  ;  with  lead,  ii  brittle  corn- 
found  of  a  lamellar  texture  ;  with  antimony,  the  alloy  is  brittle,  hard. 
md  » erj-  fusible.     It  combines  with  bismuth,  and  probably  with  cobalt. 

I    hil  these  alloya  have  not  been  examined. 

f   1067.  The  separation  of  arsenic  from  other  metals  may  generally 
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ipowul'^ 
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IPATIVE   MOLYBDATE  OF   LEAD.  ^fl 

be  digested  in  aininonia,  and  the  solution  filtered  and  evaporated 
oess.  The  residuum  is  dissolved  in  nitric  acid,  re-evaporated  to 
M,  and  violently  heated  with  charcoal.  The  metal  is  of  a  whit- 
»y  colour,  and  of  excessively  difficult  fusion.  According  to  Hielm, 
•citic  gravity  is  7.4  ;  according  to  Bucholz,  it  is  as  high  as  8.6. 
0.  Molybdenum  and  Oxygen, — When  exposed  to  heat  and  oxy- 
olybdenum  is  acidified,  a  white  crystalline  sublimate  of  molybdir 
eing  fonned. 

me  are  two  other  compounds  of  molybdenum  with  oxygen  ;  the 
vmmA  biaeky  obtained  by  heating  molybdic  acid  with  charcoal ; 
her  blve^  and  procured  by  immersing  tin  in  solution  of  molybdir 


Mack  oxide  consists  of  47  M.  -f~     8  oxygen 
blue  (molybdous  acid^  47  M.  +  16 
white  (molybdic  acid)  47  M.  4"  ^4 


Hatchett,  in  his  Experiments  on  the  native  Molybdaie  ofJjtaH, 
idei  tlw  metal  to  be  susceptible  of  four  degrees  of  oxidizement. 

1.  TVwu.,  1796. 

e  above  numbers  are  taken  from  the  analyses  of  Bucholz,  correct- 
•one  experiments  of  my  own,  on  the  molybdic  acid  ;  our  results 
R7  nearly  similar. 

i.  To  obtain  molybdic  acid,  the  native  sulphuret  should  be  tri- 
dy  to  reduce  it,  as  far  as  possible,  to  powder,  and  distilled,  with 
or  four  part"  of  nitre  acid,  to  dryness.  This  operation  should 
^eated,  till  the  ore  is  converted  into  an  uniform  white  mass,  which 
tB  of  molybdic,  nitric,  and  sulphuric  acids  ;  the  two  latter  may 
pelled  by  a  red  heat,  in  a  platinum  crucible,  and  the  remaining 
die  acid  re^icatedly  washed  with  boilinp;  water,  in  which  it  is  little 
»,  will  f>e  nearly  pure.  It  may  be  rendered  perfectly  pure  by 
ID  in  ammonia,  precipitation  by  nitric  acid,  and  exposure  to  heat. 

2.  The  molybdic  acid,  thus  procured,  is  a  white  powder,  of  the 
c  gravity  of  3.40,  and  requiring  960  parts  of  boiling  wjiter  for  its 
in,  which  i?  yellow,  reddens  litmus,  but  has  no  sour  taste.  Heat- 
redness  in  an  open  vessel,  it  slowly  sublimes,  and  condenses  in 
at  yellowish  teenies.  It  dissolves  in  hot  sulphuric  acid,  forming  a 
rn,  which  is  colourless  while  hot,  but  on  cooling  acquires  a  blue 
',  which  is  heightened  by  the  addition  of  soda.  Its  muriatic  solu- 
pale  yellowish  green,  but  becomes  blue  when  saturated  by  potas- 
Iatchett,  PhiL  Trans,  1796. 

3.  Mrtbybdatc  of  Ammonia  is  not  crystallizable,  and  when  heated 
aes^  the  ammonia  is  driven  off,  and  the  acid  converted  into  oxide 
lybdenum. — Hlcholz,  Gehlen^s  Journal,  iv.  61C. 

i4.  Molyhdnte  of  Poutsm  is  formed  by  digesting  the  acid  in  potas- 
r  by  heating  to  redness  two  parts  of  nitre  with  one  of  molylxlic 
and'lixiviatiiijo:  the  mass.  The  solution  yields  small  rhoniboidal 
lis  by  evap«)ralion,  and  affords  a  precipitate  of  molybdic  acid,  to 
(tic,  nitric,  and  sulphuric  acids. 

To.  Molybdaie  of  Soda  is  more  soluble  than  molybdatc  of  potassa, 
amishes  permanent  and  transparent  crystals.     In  obtaining  both 
nits,  a  deposit  of  u  yellowish  powder  ensues,  which  is  probably 
yoky/bdate  of  potassa  and  of  soda. 
76.  .\atiri  Mobjbdf^tt  of  Lead  occurs  principally  in  crystals  of 


72  PEROXIDE  OF  cn&omDx. 

different  shades  of  yellow.  It  was  first  discovered  in  Carinthia 
has  since  heen  fbuod  in  Mexico,  Hungary,  and  Saxony.  Accorda 
Mr  Hutchett's  analysis  {Phil.  Trans.  1796,)  it  contains  38  molj 
acid  +  58.4  oxide  oflead ;  and  these  numbers  closely  correspoBO 
i(8  theoretical  composition,  which  should  be  1  proportional  of  umI] 
acid  =  71  +  1  proportional  of  oxide  of  lead  =112. 

1077.  Molybdate  of  silverj  of  tnercury  ofUad^  and  ofniekd^  na 
procnrcd  by  adding  molybdic  acid  to  the  respective  nitrates  of  1 

metals. 

The  remaining  molybdates  have  either  not  been  examined,  n 
accounts  of  their  properties  are  too  much  at  variance  to  be  d^ 

upon. 

1078.  Snlphurci  of  Molybdenvm  is  a  sectile  compound  of  a  mel 
lustre,  composed  of  47  M.  +  32  S. 

The  native  sulphuret  is  found  in  Bohemia,  Sweden,  and  near  1 
Blanc,  disseminated  in  a  grey  granite.  It  has  been  found  in  End 
chiefly  in  Cornwall ;  and  in  Scotland,  in  Inverness-shire.  Ititfe^ 
curs  crystallized  ;  generally  massive,  and  made  up  of  eauly  iipn 
lamins.  It  is  soft  and  unctuous  to  the  touch,  and  in  colour  am! 
lead.  It  is  found  exclusively  in  primitive  rocks ;  generally  mffm 
and  with  quartz. 

1079.  Little  is  known  concerning  the  salts  of  molybdenum. 


Section  XXV.     Chromium. 

iUGO.  Chromium  was  discovered  by  Vauquelin  in  1 797.  itmybi 
tained  by  intensely  igniting  its  oxide  with  charcoal.  Its  colour  ra 
bles  that  of  iron,  and  its  specific  gravity  is  6.9.  It  is  brittle  and  dii 
of  fusion. 

1081.  Chromium  and  Oxygen. — When  chromium  is  exposed  tfl 
action  of  heat  and  air,  it  combinrs  with  oxygen,  and  a  green  prtHi 
is  obtained.     This  oxide  cas^ily  dissolves  in  acids. 

1082.  Native  Protoxide  of  Chromium  has  been  found  in  Fraci 
the  department  of  the  Rhone,  in  the  form  of  a  green  incrustatioa^ 
is  the  colouring  matter  of  the  emerald,  and  exists  in  a  few  other  Bi 
rals. 

1083.  When  nitrate  of  chromium  is  decomposed  at  a  red  heat,  i 
soluble  brown  deuioxide  is  formed.  It  does  not  dissolve  in  the  ac 
but  when  heated  with  muriatic  acid,  chlorine  is  evolved,  and  a  mar 
containing  the  protoxide,  is  formed. 

1084.  Peroxide  of  Chromium,  or  Chromic  acid,  is  most  easily  pro 
od  by  the  decomposition  of  the  native  chromate  of  leady  which  may  b 
fected  by  reducing  it  to  a  very  fine  powder,  and  boiling  it  in  asoh 
of  potassa  or  soda.  An  orange-coloured  solution  of  the  alcaline  ci 
mate  is  thus  formed,  to  which  sulphuric  acid  is  to  be  added.  Oai 
poration  chrystals  of  chromic  acid  are  formed,  along  with  the  salpl 
of  soda  or  of  potassa.  Or  the  ncid  may  be  obtained  by  adding  mt 
of  baryta  to  the  chromate  of  potassa,  and  subsequently  decomposiiv 
''hromate  of  baryta  which  fidls,  by  sulphuric  acid. 
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Cbromic  acid  may  also  be  procured  by  the  following  proceas 
re  chrottiate  of  tron,  which  is  a  more  common  mineral  than 
Date  of  lead.  Reduce  it  to  a  fine  powder,  and  expose  it  to  a 
for  two  hours,  mixed  with  half  its  weight  of  nitre  ;  wash  the 
>f  the  crucible,  and  add  to  the  lixivium  nitric  acid  sufficient  to 
e  the  excess  of  potassa :  in  this  way  a  solution  of  nitrate  and 
ite  of  potassa  is  obtained.  Upon  adding  nitrate  of  mercury  to 
OD,  chromate  of  mercury  is  precipitated  in  the  form  of  a  red 
rhich,  when  washed,  dried,  and  heated,  is  decomposed,  and 
romic  acid  or  oxide  is  obtained. 

Chromic  acid  is  of  a  red  colour ;  its  taste  is  sour  and  metal- 
may  be  obtsuned  from  its  aqueous  solutions  in  prismatic  crys- 
niby  colour.  When  heated  red  hot,  it  gives  out  a  portion  of 
ad  becomes  the  green  protoxide  ;  it  imparts  colour  to  thtt 

Vortre  Oiromaie  of  Iron  has  been  found  in  small  crystalline 
an  octoedral  form.  It  commonly  occurs  massive,  of  a  black 
ith  a  slight  metallic  lustre,  and  hard  enough  to  cut  glass.  It 
found  in  Siberia,  France,  and  America,  and  promises  to  become 
the  arts,  as  a  source  of  some  fine  pigments. 
•Volivf  ckroinate  of  Lead  is  a  very  rare  mineral,  hitherto  only 
the  Uralian  mountains  in  Siberia  ;  it  occurs  in  prismatic  crys- 
£oe  orange  red  colour,  and  is  occasionally  accompanied  by 
!n  crystals,  supposed  to  be  chromite  of  Icady  or  a  combination 
}f  chrome  and  oxide  of  lead. 

^tisfactory  experiments  on  the  composition  of  the  oxides  of 
I  are  still  wanting.  According  to  Vauquelin,  chromate  of 
isists  of  62.2  barytii  -{'  37.4  chromic  acid,  or,  speaking  in 
alent  numbers  adopted  in  this  work,  of  1  proportional  of 
78+1  proportional  of  chromic  acid  46.9. 
,ng  to  Bcrzelius,  the  green  oxide  of  chromium  contains  half 
ty  of  oxygen  existing  in  the  chromic  acid.  If,  therefore,  the 
regiirded  as  a  deutoxide,  the  number  30.9  will  represent 
,  and  protoxide  of*  chromium  would  consist  of  30.9  chro- 
I  oxygen;  and  chromic  acid  of  30.9  chromium  +  16  oxy- 

The  cliromatcs  of  ammonia,  potisssa,  soda,  lime,  and  magne« 
iluble  and  crystallizable,  and  of  an  orange  colour.  The 
of  barytii  luid  strontia  arc  difTicuUly  soluble,  and  may  be 
r  adding  chromate  of  potassa  or  soda  to  their  soluble  saline 
s.  The  other  insoluble  metallic  chromates  may  be  formed 
le  way,  and  their  colours,  which  are  various  juid  bcautifuU 
lile  US  to  judge  of  the  nature  of  the  metal  present.  Thu-J 
of  soda  forms  insoluble  precipitates  in  solutions  of  silver, 
lead,  copper,  iron,  and  uranium  ;  the  colours  are  crimson, 
je  or  yellow,  apple-green,  brown,  and  yellow.  It  forms  no 
c  in  solutions  of  nickel,  zinc,  tin,  cobalt,  gold,  or  platinum  ; 
lerhaps,  it  may  be  inferred,  that  the  chromates  of  the  latter 

;  soluble.  ^    ^  i  u     • 

iromates  are  decorapo<«ed  by  muriatic,  nitric,  and  sulphuric 
:urialic  acid,  heated  with  the  chromates,  evolves  chlorine, 
lie  acid  being  reduced  to  the  state  of  oxide. 
osl  correct  dclaiU  ni.pocting  the  ijhromatei  that  h:iVe  ba^n 

vr 
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published,  are  to  lie  found  in  Vauquclin'8  Essay. — Annahide 

Ixx. 

1091.  The  green  oxide  of  chrominm  is  occasionally  used  in 
lain  and  enamel  painting  ;  and  the  artificial  cbromate  of  lead 
rit'h  and  durable  yellow. 

The  remaining  compounds  of  chromium  are  as  yet  unexamii 


Section  XXVI.    Tungsten, 


o' 


i09i,  Tnis  metal  is  obtained  by  exposing  a  mixture  of  toogi 
anfl  charcoal  to  a  strong  heat.  It  is  diflicult  of  fusion,  very  hai 
Ue,  and  of  an  iron  colour.  Its  specific  gravity  17.5.  By  the  i 
heat  and  air,  tungs^ten  is  converted  into  an  oxide,  which  is  of  i 
cjulour.     It  has  been  called  by  some  Scheelium,  by  others  wolfr 

1093.  Peroxide  of  Tungsten^  or  Tungattc  Acid^  maybe  obtaiii 
two  native  combinations  ;  the  one  called  wolfrairiy  the  other  iim^ 
lime. 

Wolfram  is  found  in  primitive  countries  generally  acconj 
tin  ores  ;  its  colour  is  brownish  black  ;  it  occurs  massife  and  i 
lizod.  its  primitive  form  being  a  rectangular  parallelopiped.  It  a 
in  Cornwall.  It  consists  of  tungstic  acid  united  with  oxides  of  ir 
and  man^anc^.  It  may  be  decomposed  by  ignition  with  three  ti 
weiglit  of  nitre  ;  the  fused  mass,  digested  in  boiling  water  and  I 
furnishes  a  solution,  which  upon  the  addition  of  muriatic  acid, 
precipitate  re<rarded  by  Schecle  as  tungstic  acid,  but  w|fiGhiii 
con) pound  of  muriatic  and  tungstic  acids  and  potassa.  Dissoln 
boiling  carbonate  of  potassa,  precipitate  by  muriatic  acid,  « 
])recipitate,  and  digest  it  in  nitric  acid.  Then  wash  and  dry  it, 
pure  tunjjstic  acid. — Bucuolz,  as  quoted  by  Thomson,  ^vs/cm, 

1094.  jVative  Tungstate  of  Lime  is  a  whitish  senii-transpar 
stance,  found  in  England,  Saxony,  Bohemia,  and  Sweden,  and  o< 
crystallized  and  m*issive.  Its  most  usual  form  is  the  octoed 
may  be  decomposed  by  fusion  with  four  parts  of  carbonate  of 
the  fused  mass  is  digested  in  about  twelve  parts  of  boiling  wa 
filtered.     Nitric  acid  precipitates  the  [peroxide. 

1095.  Tungstic  Acid,  or  Peroxide  of  Tungsten^  is  tasteless  ai 
uble  in  water  ;  its  specific  gravity  is  t>.  When  violently  heat 
comes  green,  grey,  and  black,  pvubably  from  the  loss  of  oxy 
combiiios  witii  several  of  thenietullic  oxides,  and  was  found  b^ 
to  give  roii«iderable  pcrmauencL'  to  vegetabh*  colours  ;  henc< 
bably  niii^ht  prove  useful  in  tlic  ai  t<»f  dyeing,  were  it  more  ab 
procurabl^^ 

According;  to  Dr.  Thomson  (%/(v/?,  Vol.  i.  p.  553.)  tungstic 
compound  vC 

Tung^ikMi  100 
Oxygen        'Z's 

-It J  be  regard*  iiai  contaiiiiug  one  proporliou;d  of  inelul  and 
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I.     Upon  these  data  the  number  90  would  represent  tuntstCH  and 
rozide  would  contain. 

06     tungsten    (one  proportional) 
24     oxjrgen      (three  proportionids) 

120    tungatic  acid. 

igstate  of  lime  would  consist  of 

I  proportional  of  tungsfic  acid  ae  ISO 
1 lime --     S3 
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does  not  agree  with  Klaproth*8  experiments,  who  found  tung- 
lime  to  consi^it  of 

77.5  acid 
22.5  Unie 


100 


itk  consistent  with  Berzelius's  .statement,  as  reported  by  Tbom- 
I  which  probably  i»  founded  on  calculation. 
:  of  the  tun^tatcs  have  been  examined  by  Scheele,  and  others 
qvclin  and  Hecht  (Journal  des  Mints ^  Xo.  19,)  but  their  history 
I  very  imperfect. 

.  Twn^ttate  of  Ammonia  Is  procured  in  crystnlline  scales,  of  a 

taste j  by  digesting  the  acid  in  ammonia  or  its  carbonate.     It 

,  according  to  Vauquelin,  78  of  acid,  and  22  ammonia  and  wa- 

T\ing8tate  of  Poiassa  is  uncrystollizable  and  deliquesceiit. 
ds  occaj^ion  precipitates  in  its  solution,  which  are  triple  com- 
of  tungstic  acid,  potassa,  and  the  acid  used  as  precipitant.  The 
igtiate  of  Potassa  is  the  salt  originnlly  described  by  Scheele  as 
acid.     It  dissolves  in  20  parts  of  water,  at  212^,  and  reddens 

Tuv^state  of  Soda  crystallizes  in  hexaedral  tables,  soluble  in 
d,  and  2  parts  of  boiling  water,  and  of  an  acrid  taste.  SuU 
aitric,  and  muriatic  acids  occasion  precipitates,  as  in  the  tungs- 
lOtassa. 

Twigstate  of  Liine^  of  Baryta^  and  of  Strontia^  are  insoluble 
impounds. 

TungsiaU  of  Magnesia  is  obtained  by  boiling  the  acid  with 
i,  filtering,  and  evaporating ;  it  cystallizes  in  pearly  scales. 
^  produce  precipitates  of  triple  compounds  in  its  solution. 

Tungstate  of  Manganese,  formed  by  adding  tungstate  of  po- 
mariate  of  manganese,  is  an  insoluble  white  powder  {Johi^^ 
Journal^  iv.)  Tungstate  of  Iron  is  also  insoluble  :  Tutigstott 
and  of  Tin  have  not  been  examined,  nor  have  any  of  the  rc- 
ig  tungstates  been  exanuned  in  their  pure  state. 
remaining  compounds  of  tqnjrstcn  have  scarcely  been  mvesti- 
id  appear  of  little  interest  or  importance. 


^'Ji 


27(3  COLVMBATE   OF    FOTASSA. 


Section  XXVH.    (^Imnbinm, 

1 102.  This  metal  was  first  discovered  by  Mr.  Hafcchett  in  [ 
from  North  America.  It  is  found  combined  with  the  oxides  oi 
manganese,  and  also  with  yttria,  in  the  minerals  caUed  few 
yttro'tantalite,  * 

1103.  Tantalite  is  chiefly  found  in  octotidral  crystals,  and  i 
of  a  black  or  grey  colour,  in  Finland.  Its  specific  graytty  is  "i 
contains,  according  to  Ekeberg, 

80  oxide  of  columbium 
12  oxide  of  iron 
8  oxide  of  manganese. 

1 104.  Yttro-tantalite  is  found  in  Ytterby,  in  Sweden.  Il 
abont  45  per  cent,  of  oxide  of  columbium.  Its  colour  is  dark 
lustre  shining  and  somewhat  metsdlic. 

1 105.  Columbium  was  discovered  in  these  minerals  by  M. 
and,  considering  it  as  a  new  metal,  he  called  it  tanUUum.  In  1( 
Trans.)  Dr.  Wollaston  examined  these  and  the  original  minei 
British  Museum,  and  demonstrated  the  identity  of  columbiun 
talum.  As  the  former  name  was  given  to  this  body  by  its  ori 
covercr,  it  is  here  retained. 

1 106.  Columbium  may  be  procured  from  columbite  or  tan 
the  following  process  :  Mix  5  parts  of  the  finely -powdered  mil 
25  of  carbonate  of  potassa,  and  10  of  borax  ;  fuse  the  mix 
when  cold  digest  it  in  muriatic  acid ;  this  dissolves  every  thn 
the  oxide  of  columbium,  which  remains  in  the  form  of  a  whit 
(Wollaston,  Phil.  Trans.  1809,  p.  248.).  From  5  graiDl  t 
bite,  Dr.  Wollaston  obtained 

Oxide  of  columbium    4  grains 

— —  iron J 

'■  mangancfio    ^ 

From  5  grains  of  tantalite  he  procured 

Oxide  of  columbium  4  J  gnuns 

'■  iron -J 

manganese    f^ 

1 107.  Berzelius  is  the  only  person  who  has  obtained  metal) 
bium.  He  describes  it  as  having  the  colour  of  iron,  very 
brittle,  and  burning  at  a  red  heat  into  a  whitish  oxide. 

1108.  The  characters  of  white  oxide  of  columbium  are  ' 
marked.  It  is  nearly  insoluble  in  muriatic,  nitric,  and  sulpha 
it  is  very  soluble  in  potassa,  and  carbonate  of  potassa ;  8  gra 
latter,  fused  with  1  of  the  oxide,  render  it  soluble  in  water.  1 
less  soluble  in  soda,  and  only  retained  while  hot.  From  the 
with  which  this  oxide  combines  with  potassa,  Mr.  Hatchett  ca 
tumbie  acid. 

1 109.  Columbate  fifP^atsa^  as  appears  from  Mr.  Hatchett' 
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Bti,  forms  white  glittering  scales,  like  boracic  acid.    Acids  precipi* 
I  the  colambic  acid  from  this  solution. 

1110.  InfnsioD  of  galls,  added  to  the  solution  of  columbate  of  potas- 
aa  prodoces  a  very  characteristic  orange-coloured  precipitate.  Nei- 
jfhar ferro-cyanate  of  potassa,  nor  hydrosulphurets,  occasion  any  change. 
Qf.'  There  is  a  character  very  peculiar  to  the  oxide  of  columbium,  which 
siiiita  icady  solability,  in  tartaric,  citric,  and  oxalic  acids.  In  all  tliesc 
CMCs  the  newly  precipitated  oxide  must  be  used,  for  when  dried  it  be- 
•>«MM8Tery  intractable. 

:'  If]].  According  to  Berzelius,  100  parts  of  columbium  combine  with 
&M5  of  oxygen  ;  so  that  the  representative  of  the  metal  in  our  num- 
hers  will  he  145.8,  and  of  the  oxide  145.8  +  8  =s  153.8 — Tiiohsox, 
VoL  i.  p.  558. 
'   The  remaining  properties  of  columbium  have  not  been  investigated. 


•  SEeriON  XXVIII.    Akkel. 

1  IIS.  KfCKisLis  found  native  ;  combined  with  arsenic  ;  nnd  with  Hr- 
-Koic  add.  It  is  procured  pure  by  the  following  process  :  Dissolve 
"tte  impure  metal,  sold  under  the  name  ofSpeiss^  in  sulphuric  acid,  hy 
gUiog  the  quantity  of  nitric  acid  necessury  to  produce  the  solution. 
:entrate  this  solution,  and  set  it  aside  ;  fine  green  crystals  of  sul- 
pf  nickel  make  their  appearance.  Proceed  in  this  manner  till 
hare  obtained  a  sufficient  quantity  of  crystals.  Dissolve  them  in 
sr,  and  crystallize  a  second  time.  If  they  be  now  dissolved  in  wn- 
r,  and  decomposed  by  an  alcali,  pure  oxide  of  nickel  will  fall.  Mix 
.^  Ivith  3  per  cent,  of  resin,  make  it  into  a  paste  with  oil,  and  expose  it 
-.:  ti  the  most  violent  heat  of  a  forge,  in  a  charcoal  crucible.  A  button  of 
Sljire  nickel  will  be  obtained. — Thomson's  System^  i.  391. 
I  11 13.  Nickel  is  a  white  metal,  which  acts  upon  the  magnetic  needle, 
V  ttd  is  itself  capable  of  becoming  a  magnet.  It  is  difficultly  fusible,  but 
\  Aiorbs  oxygen  readily  when  heated  red-hot.  It  is  malleable,  and  its 
•'  'pecific  gravity  is  about  8.5. 

1114.  Oxide  of  Nickel  is  obtained  by  adding  potassa  to  the  solution 
'  of  the  nitrate ;  a  precipitate  falls  of  a  pale  green  colour  which  is  a  hy- 
4raUj  or  compound  of  oxide  of  nickel  with  water  ;  this  heatod  to  red- 
*te«,  affi)rd8  a  grey  oxide,  consisting,  according  to  Tupnti  {Anndles  de 
Climie,  Ixxx.)  of  100  metal  +  27  oxygen ;  or,  in  our  equivalents,  of 
«9.63  nickel  +  8  oxygen  =  37.63*. 

This  prof  ojnVe  of  nickel  easily  dissolves  in  ammonia  forming  a  sap- 
phire blue  solution  ;  this  property  is  often  made  use  of  to  separate  ox- 
ides of  nickel  and  iron,  the  latter  being  insoluble  in  ammonia. 
•    11 15.  According  to  Thenard,  if  chlorine  be  passed  through  a  mix- 


*Bnndt)ns  fpren  no  teuton  why  he  prfifcrKTaputi's  cxprimcnts  to  thos<»  of  Proiist,  Ru  l»- 
IV,  Kl^Molh,  kc  who  Tevpectiye\y%ivc  26.  28.2  and 32.5  tor  the  oivfccn  uiiit<  d  to  100  mrtn- 
ThoBHoa  m  his  chemistn-  deduces  the  atom  of  nickd  fmm  Tuputi*s  roinposition  of  thr  vil. 
!*««■  and  makes  it  38  when  hydrog«i=l.  Bat  the  atom  deduced  (ivm  the  chloride  and  ?  j  • 
jhtte  heic  gife^  is  almost  eiactlys;SO. 


89  MCTE6RIC   ST05ES. 

fioQ  of  the  fact,  it  has  in  modem  times  receivcil  such  unai 
pi-oofs,  as  to  be  allowed  by  all  who  have  candidly  coni^idere 
denccs  and  is  only  rejected  by  the  really  ignorant,  or  by  tl 
for  the  sake  of  singularity,  affect  disbelief. 

The  first  tolerably  accurate  narration  of  the  fall  of  a  mete 
relates  to  that  of  Ensisheim,  near  Basle,  upon  the  Rhine. 
count  which  is  deposited  in  the  church  runs  thus  :  A.D.  14 
ju*>day,  7  November,  there  was  a  loud  clap  of  thunder,  a 
saw  a  stone  fall  from  heaven  :  it  struck  into  a  lield  of  whea 
no  harm,  but  made  a  hole  there.  The  noise  it  made  was  he 
ccruc,  Tilling,  and  other  places  ;  on  the  Monday,  King  Maxi 
do  red  the  stone  to  be  brought  to  the  castle,  and  after  having 
about  it  uith  the  noblemen,  said  tlie  people  of  Ensisheim  si: 
it  up  in  their  church,  and  his  Royal  Excellency  strictly  foi 
body  to  take  any  thing  from  it.  His  Excellency,  however, 
pieces  himself,  and  sent  another  to  Duke  Sigismund  of  Austi 
stone  weighed  255  lbs. 

In  1 627, 27th  November,  the  celebrated  Gassendi  saw  a  bur 
(all  on  Mount  Vaisir,  in  Provence  :  he  found  it  to  weigh  59  li 

In  1672,  a  stone  fell  near  Verona,  weighing  300  lbs.  A 
when  at  Lnrissa,  in  1706,  describes  the  falling  of  a  stone,  n 
hissing  noise,  and  smelling  of  sulphur. 

In  September,  1753,  de  Lelande  witnessed  this  extraordin 
nomcnon,  near  Font  de  Vesle.  In  1768,  no  less  than  threes 
ill  dilfereiit  parts  of  France.  In  179U,  there  was  a  shower 
Hear  Ageri,  witnessed  by  M.  Dtircet,  and  several  other  re 
persons.  And  on  the  18th  of  December,  1795,  a  stone  fell  n 
Topham's  house,  in  Yorkshire  ;  it  was  seen  by  a'ploughmaj 
other  persons,  who  immediately  dug  it  out  of  the  hole  it  h 
itself  in  ;  it  weighed  56  lbs. 

We  have  various  other,  and  equally  satisfactory,  accounts  a 
kind.  All  concur  in  describing  a  luminous  meteor,  moving  tli 
air  in  a  moro  or  less  obUquc  direction,  attended  by  a  hissing  i 
the  fail  of  aiony  or  semi-mctnllic  m^isscs,  in  a  state  of  ignit 
have,  however,  evidence  of  another  kind,  amply  proving  the 
tics  of  these  bodies.  It  is,  that  although  the}'  have  fallen  in  ^ 
rent  countries,  and  at  distant  periods,  when  submitted  to  che 
lysis  they  all  agree  in  component  parts  ;  the  metallic  parti 
composed  chielly  of  nickel  and  iron  ;  the  earthy,  of  silica  and 

1 1:59.  Large  masses  of  native  iron  (721)  have  been  found 
ent  partji  of  the  world,  of  the  history  and  origin  of  wliich  not 
accurate  is  known.  Such  are  the  great  block  of  iron  at  E! 
Dohoniia ;  tJie  large  mass  discovered  by  Palla<^,  weighing  ! 
near  Krasnorjark,  in  Siberia  ;  that  tbund  by  Ooldberry,  in 
desert  nf  /alua,  in  Africa  ;  probably,  also,  that  mentioned  b\ 
row,  on  the  banks  of  the  great  tiAi  river  in  Soutbern  Al 
those  notioetl  by  Celis,  Rruce,  Bougainville,  Humboldt,  and 
America,  of  enormous  magnitude,  exceeding;  .50  tons  in  weig 
these  should  be  of  the  smne  source  as  i\w  other  meteoric  slor 
al  first  to  startle  lu-liof ;  but  when  they  s^rv  submilti'd  to  anu 
ihc  iron  they  c(uitaiii  found  alloved  iviiii  nickel,  it  no  looi 
'credulous  to  regard  them  as  of  ni'tfonc  ori'Mn.  \V(.  finti 
Mi*'  kind  ill  the  eartb. 
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SuIphaU  ofpotfUia  and  Nickel  is  obtained  by  adding  potaf  sa  to 
:>f  nickel  (not  in  excess,)  filtering  and  evaporating.  It  forma 
imboidai  crystals. 

Sulphate  of  Nickel  and  Iron  is  formed  by  dissolving  the  mix- 
ides  in  sulphuric  acid*  It  is  a  green  elBorescenl  salt,  in  ta- 
Btals. 

Snlphuretted  hydrogen  and  hydrosulphurct  of  ammonia  pm- 
ick  precipitate  o£  hydrosulphuretted  oxide  of  nickel,  when  add- 
solution  of  the  metal. 

Phosphuret  of  jVickel  is  a  brittle  whitish  compound. 
Hypopkosphite  and  Phosphite  of  Nickel  remain  unexamined. 
Phoiphttte  of  Nickel  being  nearly  insoluble,  is  precipitated, 
ng  phosphate  of  soda  to  a  solution  of  nickel.     It  is  of  a  pale 
our. 

Carbonate  of  Nickel  is  precipitated  in  the  form  of  a  green 
when  carbonate  of  potassa  is  added  to  sulphate  of  nickeL 
ably  a  compound  of  1  proportional  of  each  of  its  components^ 

35.5  oxide  of  nickel 

'20.1  carbonic  acid 


66.3 


Borate  of  Nickel  is  a  pale  green  insoluble  compound. 
Ferrocyanatc  of  potassa  occasions  a  very  characteristic  pal^ 
cipitate  in  dilute  solutions  of  nickel :  in  concentrated  solutions 
pitate  is  pule  green. 

Aneniate  of  potassa,  dropped  into  nitrate  of  nickel,  occasions 
pitation  of  a  pule  green  aneiiiate  of  nickeL 
The  salts  of  nickel  are  distinguished  by  the  fine  green  coloui' 
iolutions,  and  by  nfTording  a  green  precipitate  with  ummoui:\ 
I  excess  of  that  ulcali,  when  it  assumes  a  bluo  colour.  The 
reen  precipitate  aflbrded  by  hydriodate  of  potassa  is  very 
istic  of  nickel ;  but  the  nicest  test  of  its  presence  is  the  for* 
I  of  potassa,  which  produces  a  pale  grey  or  greenish  white. 
te  in  all  the  solutions  of  the  metal. 

Of  the  Alloys  nf  Nickel  there  is  one  which  requires  particu- 
t,  niunely,  that  with  iron,  which  forms  the  principal  metallic 
t  in  those  lapideous  masses,  which,  in  different  countries, 
:a  upon  our  globe,  and  which  have  been  termed  aerolites,  or 
iones.  Though  we  really  know  nothing  of  the  source  or  ori-  JJj^^^  * 
*se  bodies,  it  has  been  ascertained  upon  the  most  satisfactory 
mutable  evidence,  that  they  are  not  of  terrestrial  formation  ; 
iequcntly,  since  men  began  to  think  and  reason  correctly, 
t9  to  our  planet  have  awakened  much  speculation,  and  some. 
sDtal  research. 

first  place,  it  deserves  to  be  remarked,  that  we  have  very 
ridencc  of  the  fallinc;  of  stony  bodi'js  from  the  atmoi'phcre 
}  countrice,  and  at  very  remote  periodn.  For,  to  say  nothing 
lulous  narrations  wliicli  encumber  the  annals  of  ancient  Home, 
tended  catalogue  of  wonders  llowiiig  from  the  lively  imagina- 
riental  writers,  such  events  are  recorded  in  holy  writ,  and 
in  -eldov.n  by  the  most  accredited  of  the  early  historians; 
Ugh  philo-iopliic  scepticism  l^^ug  contended  agjiiii^t  the  admix- 


nol  so  malleable  na  pure  iron.     The  alloy  with  3  per  . 
perfecUy  tnaHeuble  ami  whiter  ihan  iron.     These  :ill 
|iiiseil  lo  ruflt  thiin  pure  iron,  but  nickel  alloyed  wiiL  :,'. 
(lie  tendency  to  nisL — Stouart  and  Fahadav,  ^uarltrS^ 
Stieve  and  ArU,  ix. 

II4-t.  The  remainini;  nlloys  of  nickel  have  beenUul 
Nothing  is  knnwn  of  its  compounds  with  potnssiiim,  fod 
nese^zinc,  or  lin.  Willi  copper  it  lormB  a  h»rd  white  iJlo; 
pears  to  be  the  vAi'fc  copper  vf  the  Cliiaeae.  Ita  other  olli 
been  ciominej. 


SkcTION  XXIX.      Akrenry. 


bjr'AI 


114S.  The  principal  ore  of  this  metal  i 
cinnabar,  from  which  the  mercury  is  separated  by  i 
quicklime  or  irsn  tilings. 

Mercury  is  a  brillinnt  white  metnli  having  much  of  d 
■ilrcr,  whence  the  terms  ht/drarKgrum,  argtrUum  virum,  tCH 
It  \vj3  been  known  teom  very  remote  i^^.  It  is  liquid  tf 
Icmperatnros,  solid  and  mnlleHble  nt — 40°,  nnd  it  boib  I 
vapour  at  about  670".     Its  specific  iiruvity  is  13.5. 

Il4t>.  Mercury  is  eometimes-adultenited  with  the  tdloj 
bismuth,  a  fraud  easily  detected  by  the  want  of  it'<  due  flu 
its  not  being  perfectly  volatile,  but  leavini;  a  reMdiinm  wh 
B  platinum  or  Iron  spoon.  The  best  method  ot  purifying 
10  re-distil  it  in  an  iron  retort. 

1 147.  JViUive  Mercury  occurs  in  small  flvid  j^obdles,  in 
ijwaea  jtrcdnciqg  tlie  orea^of  tba  jogtaL _^, 


«     • 


-4" 


*. 


ntovocflMuM:  of  MeRcvmr. 


ijlMihiii  niifiiiii  iif^ 

■riOMft^mly  oMuiied  by  introdociiig  into  a  flat' 

ia%Miii»  of  the  annexed  shape,  about  4  ounces  of 

i^IhI  phdng  it  in  a  sand  bath,  heated  to  the  bsilii^ 

nfteawtaL    In  about  a  month's  time  nearly  theirhole 

ritoi  islo  oztde.    Aii;  Hf  freely  admitted  by  the  tobe, 

i-itag^  prevents  the  escape  of  mercarial  vapoar, 

iMiihilCi  and  fitlk  back  into  the  body  of  the  vessel ; 

iJHD|  portion  of  running  mercury  may  be  driven  off 

sisgit  m  a  basin  to  a  heat  just  below  reAiess. 

/isnnide  of  mercury  has  an  acrid  metallic  taste,  and 

Mm  ;  it  dissolres  very  sparingly  in  water.    When 

Iticipiircs  a  black  colour,  but  becomes  ag^in  red  on 

t-0,  a  red  faeat  it  evolves  oxygen,  and  is  reduced  tothe  metallic 

kihoidd  be  entirely  volatilized  when  placed  upon  a  nd^hot  iron, 

sometimes  adulterated  with  red  lead. 

.  Thoogh  it  is  difficult  to  obtain  a  perfectly  pure  black  oxide  of 

fijiffpearB  to  have  been  demonstrated  that  it  contains  just  half 

ilily:##xygen  contained  in  the  red  oxide. 

Ihtiiilyses  of  the  red  oxide  give  as  its  component  parts, 

Mercury 92.7 

Oxygen 7.3 


lOO.O* 

correctly  100  mercury  +  8  oxygen. 

consider  this  as  a  compound  of  1  proportional  of  mercury  and 
^n^  we  obtain  the  number  200  as  the  representative  of  mer- 

r 

8  :   100  ::   16  :  206. 
rotoxide,  therefore,  will  consist  of 

* . 

200  Mercury  +  8  Oxygen  =  208  Protoxide. 

e  peroxide  of 

200  Mercury  +  16  .Oxygen  =  216  Peroxide. 

lack  oxide  exists  in  the  piliUa  hydrargyria  and  in  the  mercuria 

of  the  Pluirniacopcsia, 

Mercury  and  Chlorine  combine  in  2  proportions,  and  a  proto- 

md  perchloride  of  mercury  are  the  results.    These  compounds 

\j  called  ccUamel  and  corrosive  sublimate.     In  the  London  Phnr- 

I  they  have  received  the  improper  names  of  nfftintina^e  o/* 

Ind  o^ifmuriaie  of  mercury. 

Pratoehloride  of  Mercury. — ^This  compound,  commonly  termed 

is  first  mentioned  by  CroUius,  early  in  the  seventeenth  centu- 


fB|HWli*>"  would  make  bat  7.87  oxygen  imiie  to  100  mercuiy.  Thomson,  in  Itit 
kFk,  kit  Aug.  1821.)  Iiu  shown  that  the  proportk»  is  100  nvrcuij' -M  ox»r«*ii. 
inner  h«  statei  the  experioinit of  Safsbom » 100 mercury-f. 7.9?.  Thocn»ua*f 
m  Iheeelbre  be  ad(^d. 


nt 


nlbn 


more  volatile  than  the  calomel,  rises  higher  to  tiie  matnss ; 
adheres  to  the  calomel  may  be  separated,  by  reducing  the 
fine  powder,  and  washing  in  large  qiianlities  of  bot  disti 
Pure  calomel,  in  the  form  of  a  yellowish  white  insipid  powde 

It  was  formerly  the  nistom  to  submit  calomel  to  very  uun 
limntionf ,  under  the  iden  of  renderiug  it  taiU  ,-  but  these  ol 
to  the  production  of  corrosive  sublimate  ;  and  the  r.nlomli 
sublimation,  especially  if  a  little  eicess  of  mercnry  be  9» 
often  more  pore  than  that  afforded  by  subsequent  operMieM 

US'!.  The  following  are  the  directions  given  in  t' 
Pkorjnncopaia  ; 

"  Take  of  oxymiiriDte  of  mercury,  1  tb. 

purilied  mercury,  by  Ti<cighi,  9  oz. 

H\\b  them  together,  until  the  metallic  globules  d 
lime  :  take  out  the  sublimed  mass,  reduce  it  to  powder,  ■ 
in  the  same  manner  twice  more  successively.  Lastly,  bri 
Htate  of  a  very  tine  powder ;  throw  this  into  a  large  vm 
water ;  then  stir  it,  and,  afttiT  tt  short  interval,  pour  Ibe  i 
turbid  solution  into  another  vessel,  and  set  it  by,  that  the  p 
subside.  Lastly,  having  poured  away  the  water,  dry  the  |i 
Powell's  Tranxlalion  of  iht  London  Pharmaeopata,  Lnw 
144  and  S9. 

1166.  It  will  be  observed,  that  in  the^e  processes  tlte 
consists  in  reducing  the  perchloride  to  the  state  of  protoi 
the  addition  of  mercnry.  Various  modes  have,  however,  1 
ed  for  the  direct  formation  of  ctilomcl  :  two  of  these  mi 
noticed,  of  which  the  lirst  is  in  the  humid  way,  as  devised  1 
and  CheneviK.     It  is  as  follows  : 

Form  a  nitrate  of  mercury,  by  dissolving  as  mucfa  mere 

Bible  in  hot  nitric  acid  ;  then  dissolve  in  boiling  water  » 

common  salt,  equal  to  half  the  weight  of  the  mercury  used, 

r  the  solution  sensibly  sour  by  muriatic  acid,  umJ  poiw  Ibe  fat 


or  MCBCVftT. 

bf.  of  mercury,  until  the  globules  disappear,  and  34  iha.  of  con- 
KtlliretheaHdiled.  This  mixture  is  submitted  to  heat  ia  earthen 
1»,  and  from  9o  ta  100  lbs.  of  calomel  are  tbo  result,  it  is  to  be 
<dji)  large  quantities  of  distilled  water,  nAer  huving  been  gmuA 
ae  and  impalpable  powder. 

11.  Prolochluride  of  mercury  is  iifnalty  eeen  in  the  Ccs^-xt  m 
mais,  of  1  cryj^talline  testure  ;  and  when  very  slowly  .iQUfaedj 
!D)ire»enti  regular  four-aided  prisma,  perfectly  transpamtt'  nd 
idoi-  Its  apeci^c  gravity  is  7.S.  It  is  tasteless  and  Teiy—rty 
Ale  in  water.  It  can  scarcely  be  culled  poisonous,  since  in  cob* 
lUcdoie)  it  only  proves  purgative.  By  exposure  to  light  it  b»- 
sbtowD  upon  its  sorfecc.  If  scratched,  it  gives  a  yellot*  itreakt 
htiiery  chamcteristJc,  and  does  not  belong  to  the  perchloiidc. 
aT>^  linely  levigated  it  becomes  of  a  buff  colour. 
uwists  of  1  proportional  of  mercary  ZOO  +  1  proportilMi  of 
iu  36,  and  its  representative  number  i«  S36. 
M.  Ifaivt  Chloride  of  Mercury  or  merearial  hom  ore,  lus  been 
linQenuny,  France,  and  Spain,  usually  crystallized,  and  wne- 
iMnafiiigaiid  massive. 

B9,  Par^^ride  of  Mtreury,  or  eorronve  mblifnate,  may  be  obtilned 
iinetj  of  processes. 

!t!D  mercnry  is  heated  in  chlorine,  it  bums  with  a  pale  flame ;  tbt 
itMrted,  and  a  wbite  volatile  inbetmee  lisea,  wfaich  a  the  per- 
b. 

wabo  be.  obtained  by  dissolving  peroxide  of  mevcnr;  in  tmrt' 
M,  cnponting  to  drynew,  n-diuolnDg  in  water,  and  cryi^ 

Ae  ordinary  process  for  making  cornMive  sablimate  coniista  in 

fa  mixture  of  chloride  of  sodinm  (common  sah)  and  persul- 
nercnry,  to  heatin  a  flask,  or  other  proper  Bublimiog  vessel ; 
I  decomposition  ensues.  The  chlorine  of  the  common  salt  uoitu 
jOBKCarj  of  the  sulphate,  and  fomu  bi-chloride  of  mercury. 
fgea  ef  Uie  oxide  of  mercury  converts  the  sodium  of  the  aut 
la,  lAkh,  with  the  sulphuric  acid,  prodoces  sulphate  of  soda^ 
Ition  is  exhibited  by  the  following  diagram : 

I  proporticaal  <rf  perchlonde  of  marciiir  ^e3H. 


Sulphuric  I  proporiiwal 

iid..W    )        oTptnalptate 
01  mercuf}  = 


9  prDportkaula  of  Mlflatc  t4  aodi  ^  1M> 

i  The  following  are  the  official  directiou  of  the  London  Phar- 
fii^forthe  preparation  of  corrosive  eablimale,  there  termed  oxy- 
l{f  aurcury. 

"  Take  of  purified  mercury,  6jf  wfiffW,  8  Bw. 

.     —   tulphnnc  acid,  by  toet^hf,  SO  oz. 

■  ---  dried  muriate  of  wda,  4  Um. 


cmr. 


-r  -i.  ri^uTj:  Acid  in  a  glass  Tessel,  i 

i     :-*.     3Liib  yiis  when  it  is  cold  with 

..  TSir-^:p:  noFtar ;  then  sublime  it  in  a  j 

.^    -    r^  j-i«i!i;iUy." — Po^'ell's  Translatim 

jiiiK  :i  <:it  employed  in  this  process  is  o 

t.^f-ver,  we  find  that  more  than  the  n 

.   <ij^v-i  v.\  the  above  table,  is  required. 

..  "5.  >  ji^  process  employed  at  Apothecai 

iT"*ive  sublimate  :  50  lbs.  of  mercury  a 

■    I***    i  sulphuric  acid.     73  lbs.  of  persn 

-    JiTie*!.  which  being  perfectly  mixed  with  li 

.  -iijiinied,  yield  from  QZ  to  65  lbs.  of  corroi 


t    ;ii!iDUty  of  chlorine  ab-sorbed  by  a  civcn  i 
^        '    -r   CI-"!  ihai  the  perchl">rido.  of  mercury  coni^ists  c 
^w  ,  j-y  =  200  +  2  proportionals  of  clilorine  ^= 
5  >;yrtf tentative  number  is  272, 
■^     ..^..nonde  of  mercury  is  usually  seen  in  the  form 
«^        ^CL.*:  M5axi -transparent  muss,  exhibiting  the  appearanc 
X  ^  -   :-«s;uliL.^Jtion.  It  is  sometimes  procured  in  quad rangiiln 
«  ^x*  ro*:  znviiv  is  5.2.     Its  taste  acrid  and  nauseous,  and 
X     :_ar  Jh?^aii:c  and  astringent  flavour  upon  the  tongue.     It 
■jurtt  n  water  at  60**,   and   in   about  half  it-*  weight 
*  iiore  *>:I:blo  in   idcohol  than  in  water.     When  heated,  i 
^.uiutf*  in   ihe  form  of  a  dense  white  vapour,  strongly 
!«    MMe   md  mouth.     It  dissolves  without  decomposition  in 
u-vn:.   "id  sulphuric  acids  :  the  alc.ilis  and  several  of  the  n 
•.•ynM^  It.     It  produces,  with  muriate  of  ammonia,  a  verj 
-<itt|Mund  ;  hence  a  solution  of  sal-ammoniac  i<«  u<»ed  with  a 
*  %a>iuiiii:  calomel  to  free  it  from  corrosive  sublimale. 

:r.>,  Trotochloridc  and  perchloride  of  mercury  are  dec 
fc  'oiassa,  soda,  and  lime  ;  the  former  affords  black ^  {hydrargy. 
...  tttm  of  the  London  rhnrmacopaw,'^  the  latter  red,  oxide 
..*  .  ind  the  chlorides  of  potassium,  sodium,  and  calcium. 
i..r v;.  The  following  diagrams  shew  the  interchange  of  elen 
i*-.^ '.'lu-o  in  the  case  of  adding  a  solution  of  potassa  to  p 
.ut  iiic  p^jrchloride  of  mercury. 

1  proportional  of  chlf»rltlr  of  potan^ium  =  7C. 


1 


.'      t    Ukk\V&* 


Clilorine 


]'*ota<>5iuni 
JU 


;.*«w 


MtTniry 
200 


Oxvprn 
'8 


1  prr.p 
of  yuA: 
4«. 


I  propurUoiiul  of  protoxide  of  mtrcurv  =  iQ^ 


ntOTONiTiuTE  or  Muiamf'. 


.  When  wlidioit  of  anmioQia  is  ponred  upon  caloBiel,  protoiida 

Enjt  attd  muriite  of  annneniii,  are  the  reaulU  ;  but  ammonia, 

B  •  fohitiiKi  of  corrosive  lublimate,  OGCuiona  a  white  precipitate 

pfc  aMtnote  of  ammonia  and  mercury. 

npouuil  of  till  j  kiiiil  has  long  been  used  in  phatOBcrf,  under  the 

f  eolx  kydrarjcyi  atba,  or  wAi(e  prtcipiiatt.    The  Ltmdn  Pkar- 

M  directs  the  follow  process  ibr  Iti  nmurtioiL 

tk»  oSorpanriate:  incrcnry  ^  lb. 

— -  mnriatL'  of  ammonia  4  OS. 

- — folnti'in  of  ^rihourbonateofpOlHHt'f  pint 

*—  diatilled  water  4  pints. 

■Dire  the  mnriale  of  ammonia,  then  the  o^rnmriate  of  mtfrco^ 

be  diitifled  water,  and  add  thereto  the  solution  of  ndtcarbonate 

■L    Wash  the  precipitated  powder  v&til  it  bteomm  taitekw : 

jiL"  ^ 

.  Muriate  of  ammonia  renders  corrosire  sublimate  more  sohible 

r,  one  part  rendering  five  parts  soluble  in  rather  less  than  five 

r.     By  evaporation  a  triple  salt  is  obtained,  formerly  called  tal 

A.     The  addition  of  potassa  or  soda  throws  down  the  afaove- 

led  white  precipitate.     Hence  its  use  in  washing  calomel. 

.  €3Uorate  of  Mtrcury. — Chloric  acid  dissolves  both  the  oxides 

nrjr ;  Uie  protochhrale  has  the  appearance  of  a  jellowish  gra- 

Dwder,  sparingly  soluble  in  hot  water,  and  of  a  mercurial  teste. 

vhloraie  forms  white  acicular  crystals,  haviog  the  acrid  flavour 

lerchloridc. — Vauquelik,  Annalet  de  Ckimie,  xcr. 

.  Mercury  and  Iodine  unite  in  two  proportions.     These  com- 

mmy  be  procured  either  by  gently  heating  mercu^  with  iodine, 

ifiDg  hydriodic  acid  to  solutions  of  mercury.     The  protioi^de 

Wi  and  the  jttriodide  red.     They  respectively  consist  of  1  pro- 

d  of  meicuiy  4"  '  "^  iodine  and  1  -^  1.    They  are  both  inso- 

k  water. 

I.  kdaXe  of  Mircvry. — lodate  of  potassa  occasiona  a  precipitate 

svtrate  of  mercury,  but  not  in  the  pemitrate. 

.  Mercuj-t/  and  A'itrie  Acid. — Nitric  acid  is  rapidly  decomposed 

^■ry ;  nitrous  acid,  and  nitric  oside  gases  are  evolved,  and 

I  protonitrate  or  a  pemitrtAe  of  mercury  are  obtained,  accord- 

wmode  in  which  the  solution  is  performed. 

i  frotonitratt  of  Mercurg  is  best  obtained  by  dissolving  the 

^acold  and  dilute  acid,  consisting  of  one  part  of  acid  and  three 

#';  tlie  metal  should  be  added  in  small  taccessive  portioDS  nidil 

I  ceaies  to  act  opra  it,  and  care  slunld  be  token  to  ke«p  toe 


9  solnlion  deposits transparen 
pacU>c<Ir3,,flii(l  wliiclt  coufist  of  th 
fciMtri«  ftai.  I*!'^  ^re  soluble  n 
coU  waOer.  Mil  tlic  eolution  affords  tiliick  pn 
9^a  ttu!  »li£ljaa  of  the  alcalts. 

IITX  Prrwiinue  of  MtrcKiy. — When  merci 
aaii  cuacvntialeil  Dttric  acid,  it  becomes  peroxid 
Bullae  cnrsOk  of  the  peniitnli^.  Their  solutii 
ml  frta^ibte^  of  peroxide  of  merEuiy,  upon 
«rMiiB,aDi)  mnmonia  forms  a  white  precipitate 
itf'  ntrrrarj  and  ainmnnin. 

VVhi^Q  the  precantions  in  forming  the  nitrati 
not  4lt(!iu!ei]  to,  the  solatiou  usunlt}!  coutuins  a 
trnMi,  and  fumisheB  n  precipitate  with  the  aU 
«S)dei.  The  pemitriite  ia  mo3t  certitinly  forme 
oxide  in  nitric  acid. 

1 174.  When  hot  water  is  poured  upon  perni 
low  ioEoluble  powder  separiitce  from  it,  which 
nilrout  turpcth  of  old  writers  ;  and  a  tuptr-pen 
tion.  Itseems  probable  that  the  protonitrute  it 
tng  a  sub  nnd  a  super  oitrHle  ;  but  all  these  co 
been  but  imperfectly  inveatigated.  and  new  res 
eslnMish  their  nature  and  composition. 

If  the  protonitrate  and  pemitrnte  be  compos 
of  each  of  the  oxides  with  one  of  acid  und  wil 
lowing  will  be  their  component  parts. 


21>2  protonitrate  of  M. 


324  pemiti 


The  suhpemitmie  baa  been  analyzed  by. 
3hM,(TAoni50H,  Vol.  ii.  p.  635),  and  they -- 


12  acid 

88  peroxide 


I 

s  {in 


If  its  composition  in  theory  be  admitted  ni  S 
=  432  +   1  proportional  of  nitric  acid  =  at, 
much  Rl  variance  with  the  above  experimcnta 
18;  !  432:  58. 

1 175.  When  these  nitrates  of  mercury  are  es 
ly  raised  to  dull  redness,  nitric  acid  is  given  ol 
Slbsbince  remains,  consisting  of  peroxide  of  met 
bon  of  adhering  nitrate.  This  is  used  in  phnn 
and  is  calleii  iii  the  London  Ptuirautfopmn,  hvt- 

In  Ihe  nmnufucture  of  this  compound  nt  A| 
of  luercury  are  boiled  with  48  lbs.  of  n:lri<:  :i.  ;  , 
aitA  by  proper  evnponitian  and  application  a 
c:'  Ihe  liifilrorgyri  ni'rico-nTtdwn  are  ohtaial 


RTPOtULPBITE   OF   MEIlCVRT.  SgC 

1 176.  Alereury  and  Sulphur. — When  one  part  of  mercury  is  tritu- 
nted  lor  some  time  with  three  of  sulphur,  a  black  tasteless  compound 
■  obtained,  which  was  culled  in  old  pharmacy  iJrAiop^  ^i/iicra/;  it 
ilt  fcoweTer,  no  longer  retained  in  the  London  Pharmacopeia. 

The  same  substance  is  more  readily  formed  by  pouring  mercury 
■to  melted  sulphur,  the  substances  quickly  combine,  with  such  a  rise 
rftsmpenitnre  as  often  produces  intlnmmation. 

1177.  There  is  some  dilliculty  in  ascertaining  how  far  these  are  de- 
t0fM  compoaods ;  when,  however,  sulphuretted  hydrogen  is  passed 
i|ieugh  a  dilute  solution  of  nitrate  of  mercury,  a  black  powder  is 
AnwndowD,  which  appears  to  be  a  true  sulphnret,  and  which,  accord- 
i^gto  Gaibourt,  {Annales  de  Ckimie,  ct  Phys.,  Tom.  i.)  consists  of  100 
MKiuj  +  9*2  sulphur,  numbers  which  nearly  correspond  to 

1  proportional  mercury  =  200 
I  -^_-«  sulphur    =     16 

Sulphurct  of  mercury  =  S16 

^'1178.1Vbeii  the  black  sulphuret  is  heated  red  hot  in  a  flask,  a  por- 
bn  of  meicory  evaporates,  and  a  sublimate  of  a  steel  grey  colour  is 
Ihtained,  wiucb,  when  reduced  to  a  fine  powder,  assumes  a  brilliant 
cd  coloiir,  and  is  called  vermiUton  or  cinnabar.  It  is,  in  fact,  a  bi- 
wMmrei  of  mercury^  and  consists  of 

1  proportional  of  mercury  s=  200 

S  ^— — —  sulphur    =    32 

Bisulphuret  of  mercury  =  232 

1179.  In  the  manufacture  of  cinnabar  8  parts  of  mercury  are  mixed 
I  an  iron  pot  with  one  of  sulphur,  and  made  to  comlune  by  a  moderate 
eat,  and  constant  stirring  :  this  compound  is  then  transferred  to  a  ^lass 
■Uimiiig  vessel,  (on  a  small  scale,  a  Florence  flask  answers  pc do ctiy), 
iid  heated  to  redness  in  a  s<ind  bath  ;  a  quantity  of  mercury  and  oi' 

3luir  evaporate,  and  a  sublimate  forms  which  is  removed,  and  rub- 
or levigated  into  a  very  fine  powder. 
^  1180.  Cinnabar  is  not  altered  by  exposure  to  air  or  moisture  :  when 
ted  to  dull  redness  in  an  open  vessel,  the  sulphur  lonns  sulphurous 
l,and  the  mercury  escapes  in  vapour.     It  is  (lecomi>ose(l  by  distilla- 
with  fixed  alcalis,  lime,  and  baryta,  and  by  several  of  the  metals. 
tn  adulterated  with  red  lead  it  is  not  entirely  volatile. 

1181.  Cinnabar  may  be  made  in  the  humid  way  by  lon^  trituration  oi' 
lury  and  sulphur  in  solution  of  potassa. — Niciiolsun^s  Journal, 
loii. 

1182.  Motive  Cinnabar  is  the  principal  ore  of  mercury  :  it  occurs 
live  and  crystallized  in  six-sided  prisms,  rhombs,  and  octotidra.    It 

|ef  various  colours,  sometimes  appearing  steel  grey,  at  others  bright 

It  occurs  in  Hungary,  France,  and  Spain,  in  Europe  :  in  Siberia, 

Japan,  in  Asia  ;  and  in  considerable  quantities  in  South  America. 

^  mines  of  Almaden,  and  of  New  Spain,  are  the  most  productive, 

Sunish  fine  cabinet  specimens.     Native  mercury,  and  native  umal< 

of  silver  sometimes  accompany  it. 

1^83.  Hyposulphite  of  Mercury  appears  not  to  exist :  when  a  solo- 

R  R 
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tion  of  a  hyposulphite  is  poured  into  a  very  dilute  solution  of  ] 
trate  of  mercury  it  occasions  a  hlack  precipitate. 

1184.  Sulphite  of  Mercury  has  not  been  examined. 

1 185.  Mercury  and  Sulphuric  Acid, — When  mercury  is  boil' 
weight  of  sulphuric  acid,  sulphurous  acid  gas  is  evolved,  a  par 
metol  is  oxydized  and  dissolved,  and  a  white  deliquescent  ma 
tained,  which,  washed  with  cold  water,  affords  a  very  difficultly 
white  salt,  which  is  a  protosulpfiate  of  mercury.  It  requires  51 
of  water  for  its  solution  and  crystalUzes  in  prisms.  According  t 
croy  (Annales  de  Chiinie^  x.)  it  consists  of 

12  sulphuric  acid 
83  protoxide  of  mercury 
6  water. 

According  to  theory,  it  should  cnnaiflt  of  one  proportional  of 
ric  acid  +  1  of  protoxide,  or 

40  sulphuric  acid 
208  protoxide  of  mercury 

248  sulphate  of  mercury. 

The  alcalis  precipitate  black  oxide  of  mercury  from  this  nil 

118G.  If  three  parts  of  sulphuric  acid  be  boiled  to  drynets  w 

of  mercury,  a  white  mass  of  persulphate  of  mercury  is  obtaine 

more  soluble  than  the  sulphate,  and  crystallizes  in  prisms.    Ac 

to  Braamcamp  and  Oliva,  it  is  composed  of 

31.8  acid 
63.8  peroxide 
4.4  water 


100.0 


It  should  consist,  according  to  theory,  of  1  proportional  of  | 
*)-  2  proportionals  of  acid. 

1187.  When  hot  water  is  poured  upon  persulphate  of  me 
yellow  insoluble  subpersulphate  is  formed,  formerly  Cdlled  T^irpi 
raL     It  appears  to  consist  of  1  proportional  of  peroxide  +  1  of 

216  peroxide  of  mercury 
40  sulphuric  acid 

256  subpersulphate  of  mercury. 
A  hipersulphate  remains  in  solution. 

1 188.  The  solutions  of  persulphate  of  mercury  furnish  red 
tates  with  the  fixed  alcalis,  and  white  with  ammonia,  the  latte) 
triple  sulphate  of  ammonia  and  mercury, 

1189.  Sulphuretted  hydrogen  produces  a  black  precipitate 
tiOns  of  mercury  when  added  in  excess,  and  which  appears  to 
phuret  of  me  re  u  ry . 

1190.  Phosphurct  of  Mercury  may  be  formed  by  heating  phi 
with  oxide  of  mercury.     It  is  a  sectile  solid  of  a  bluish  black  < 

1191.  Neither  the  Hypoposphite  nor  PhosphiU  of  Mercuru  hi 
examined. 

1192.  Mercury  and  Phosphoric  Acid,— When  phosphate  o 
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ler  to  nitrate  or  pemitmte  of  mercury,  a  white  precipitate  is 
There  is  probably  a  protophosphate  and   a  perphospkate. 
r  is  soluble  in  excess  of  acid. 

Mercury  and  Carbonic  Acid. — ^Alcaline  carbonates  produce 
red  precipitates  in  solutions  of  both  oxides  of  mercury. 
i  probably  the  protocarhonate  and  the  pcrcarbonate. 
Mercury  and  Cyanogen. — By  boiling  one  part  of  finely  pow- 
ozide  of  mercury  with  two  of  Prussism  Blue,  in  eight  parts 
a  solution  is  obtained,  which,  if  filtered  while  hot,  deposits, 
,  yellowish  white  crystals  in  the  form  of  quadrangular  prisms, 
lie  taste  and  very  poisonous,  consisting,  according  to  Gay- 
'80  mercury  +  20  cyanogen.  They  are,  therefore,  a  cyan- 
^vry,  and  probably  contain  1  proportional  of  mercury  =  200 
anogen  =  48.8. 

!^yanuret  of  mercury  is  decomposed  by  heat,  as  in  the  pro- 
btainiog  cyanogen  ;  and  if  distilled  with  muriatic  acid,  hydro- 
d  and  chloride  of  mercury  are  formed.  It  also  is  decompos- 
Iriodic  acid  and  by  sulphuretted  hydrogen,  an  iodide  and  a 
;  of  mercury,  and  hydrocyanic  acid,  being  formed.  The  alca- 
act  apoD  this  cyanuret. 

Cyanuret  of  mercury  is  also  formed  by  boiling  peroxide  of 
in  flolution  of  ferrocyanate  of  potassa ;  a  portion  of  mercury 
rozide  of  iron  are  at  the  same  time  deposited,  whence  it  ap- 
t  the  oxygen  of  the  mercurial  oxide  is  partly  transferred  to 
ind  partly  to  the  hydrogen  of  the  ferrocyanic  acid. 
Ilyanuret  of  mercury  boiled  in  water  with  peroxide  of  mer- 
uce?  a  compound  which  forms  small  granular  crystals  con- 
cyanuret  ;md  oxide  of  mercury  ;  hence  in  making  the  cyan- 
e  above  process  (1 194)  excels  of  mercurial  oxide  should  be 

borate  of  Mercury^  obtained  by  adding  borate  of  soda  to  ni- 

lercury,  is  a  yellow  insoluble  powder. 

^rseniates  of  Mercury. — Arsenic  acid  occasions  a  pale  yellow 

e  in  solution   of  protonilrate  of  mercury,  and  a  yellowish 

cipitate  in  solution  of  the  pernitratc.     Arscnious  acid  pro- 

te  precipitates  in  both  solutions. 

VIolybdic  acid  occiu«ions  a  white  precipitate  in  solution  of 

mercury. 

'Jhromate  of  Mercury. — Chromate  of  potassa  throws  down  an 

loured  precipitate  trom  the  solutions  of  nitrate  and  perni- 

lercury. 

Tungstate  of  Mercury. — Not  examined. 

The  soluble  salts  of  mercury  furnish  whitish  precipitates 

ocyanate  of  potassa,  and  black  with  sulphuretted  hydrogen. 

*  copper,  immersed  into  their  solutions,  occasions  the  separa- 

etailic  mercury. 

soluble  mercurial  salts  are  mostly  entirely  volatilized  at  a  red 

distilled  with  charcoal,  they  afford  metallic  mercury. 

Mercury  combines  with  most  of  the  other  metals,  and  forms 
compounds  which  have  been  called  amalgams.  These  are 
brittle  or  soft.     One  part  of  poUissium  with  70  of  mercury 

I  hard  brittle  compound.     If  mercury  be  added  to  the  liquid 

lotassium  and  sodium  (606),  an  instant  solidification  ensues,^ 

enough  to  inflame  the  latter  metals  is  evolved.     The  use  of 
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an  amalgam  of  zinc  and  mercury  has  already  been  adverted  t 
excitation  of  electrical  machines.  (108.)  The  amalgams  of 
silver  are  employed  in  gilding  and  plating. 

An  amalgam  of  2  parts  of  mercury,  1  of  bismuth,  and  1  o 
fluid,  and  when  kept  for  some  time,  deposits  cubic  crystals  of 

Amalgam  of  copper  may  be  made  as  follows  :  To  a  hot  sc 
sulphate  of  copper,  add  a  little  muriatic  acid,  and  a  few  sticki 
and  boil  the  mixture  for  about  a  minute  :  by  this  means  thi 
will  be  precipitated  in  a  metallic  state,  and  in  a  finely  divide 
form :  take  out  the  zinc,  pour  off  the  liquor,  wash  the  cop 
hot  water,  and  pour  upon  it  a  little  dilute  nitrate  of  mercar 
will  instantly  cover  every  particle  of  copper  with  a  coatiof 
cury :  then  add  mercury  to  the  amount  of  two  or  three  t 
weight  of  the  copper,  and  a  slight  trituration  will  combine  th 
that  the  completion  of  the  process  may  be  effected  by  heating 
ture  for  a  few  minutes  in  a  crucible. — ^Aikin's  Dictionary^  Ar 
ry,  p.  92. 

1205.  When  mercury  is  negatively  electrized  in  a  solatic 
monia,  or  when  an  amalgam  of  potassium  and  mercury  is  pla 
moistened  muriate  of  ammonia,  tlie  metal  increases  in  ▼olome 
comes  of  the  consistency  of  butter,  an  appearance  which  has  si 
been  called  the  metallization  of  ammonia.  The  compound  app 
to  contciin  ammonia  and  mercury,  though  its  real  nature  his 
8ati«f'ictorily  ascertained.  It  has  suggested  some  hypotheses 
ing  the  nature  of  ammonia  and  the  metals,  which  are  not  i 
wording. 


JiccTifJkX  XXX.     Osmium, 

1206.  OsMir.M,  and  the  metals  described  in  the  three  folio 
tions,  are  coiiiainod  in  tlie  ore  of  platinum.  This  ore  is  d 
nitro-muriatic  arii!,  hy  which  the  greater  portion  is  dissolved, 
remains  a  black  powder,  which,  when  fused  with  potassa  am 
furnishes  a  yellow  alraline  solution  of  oxide  of  osmium.  Sal 
alcali  with  sulphuric  acid,  pour  the  mixture  into  a  retort,  and 
colourloss  solution  of  tiie  oxide  of  osmium  passes  into  the  rec 
has  a  sweetish  taste  and  a  very  ])eculiar  smell,  somewhat  lil 
new  bread.  When  mercury  is  shaken  with  this  solution  it  bi 
amalgam,  which  is  decomposed  by  distillation,  and  pure  08 
mains. 

1207.  Osmium  has  a  dark  grey  colour,  and  is  not  volatile  w 
ed  in  close  vessels  :  but  heated  in  tlie  air  it  absorbs  oxygen, 
a  volatile  oxide.     It  has  not  been  fused. 

1208.  The  leading  characters  of  osmium  are  its  insolubil 
acids,  its  ready  solubility  in  potassa,  the  facility  with  which  it  is 
the  singular  smell  of  its  oxide,  its  great  volatility,  and  the  purp 
colour  produced  in  its  solution  by  tincture  of  galls.  The  o1 
pounds  have  scarcely  been  examined. 


RHODIUM.  S9^ 


Section  XXXI.    Iridivm. 


l^lW,  The  black  powder  mentioDcd  in  the  last  section  contains  iri- 

,  which  resists  the  action  of  potassa,  and  consequently  remains  af- 

Plbe  Beparation  of  osmium.     A  solution  of  its  oxide  may  be  procur- 

'  rdigMtii^  it  in  muriatic  acid,  which  first  becomes  blue,  then  olive- 

and  lastly,  red.      By  alternate  treatment  with  pt)ta8sa  and  mu- 

iicid,  the  whole  of  the  black  powder  will  be  dissolved.     By  eva- 

the  muriatic  solution  to  dryness,  dissolving  the  dry  mass  in 

r,  nd  evaporating  a  second  time,  octoedral  crystals  of  munate  of 

■  ire  obtained. 

^W.  Iridium  is  obtained  by  immersing  a  plate  of  zinc  into  a  solu- 

itflhe  muriate,  or  by  violently  heating  the  octoedral  crystals.  It  is 

TlwUtish  colour,  and,  according  to  Mr.  Children,  who  succeeded  in 

[it  by  means  of  his  large  Voltaic  apparatus,  its  specific  gravity  is 

_^j18.    Its  most  marked  character  is  extremely  difficult  solubility 

^^^i»  b  etude  platinum  Dr.  Wollaston  discovered  some  flat  white 
IMiM  wliiifc  resisted  the  action  of  the  acids,  and  which  he  ascertained 
^  MMk  it  a  native  alloy  of  osmium  and  iridium, 
WL  Onniam  and  iridium  were  discovered  by  Mr.  Tennant  in 
lUl  The  name  of  the  former  is  derived  from  the  peculiar  smell  of 
llride ;  that  of  the  latter,  from  the  variety  of  colours  exhibited  by 
Viohtion.— PAi/.  Trans.,  1804. 


Section  XXXII.    Bhodiwn. 

1213.  Uhodivm  and  Palladium  were  discovered  by  Dr.  Wollaston 
1803.  Those,  like  the  two  last  described  metals,  exist  in  the  ore 
platinum,  from  which  rhodium  may  he  obtained  by  the  following 
icess  :  Dijiest  crude  platinum  in  a  small  quantity  of  nitro-muriatic 
I,  filter  the  saturate<l  ifolution,  and  pour  it  into  a  soliUion  of  sal 
■oniac,  by  which  the  greater  proportion  of  the  platinum  is  precipi- 
m1.  Decant  the  clear  liquor  and  immerse  a  plate  of  zinc,  which 
«oie«  coated  with  a  black  powder.  Separate  this  and  digest  it  in 
rCe  nitric  acid,  by  which  a  little  copper  and  lead  are  taken*  up. 
wash  and  digest  in  dilute  nitro-muriatic  acid,  to  which  add  some 
«alt,  evaporate  to  <lryness,  and  wash  the  dry  mass  repeatedly 
h  alcohol.  A  deep  red  substance  remains,  which,  when  dissolved 
vater,  furnishes  a  black  precipitate  upon  the  immersion  of  a  plate 
niic.  Thi:^  strongly  heated  with  borax,  assumes  a  white  metallic 
re,  and  is  rhodium. 

814.  Rhodium  is  very  diflicnlt  of  fusion  ;  its  specific  gravity  is 
I,  When  anajloy  of  load  and  rhodium  is  digested  in  nitro-muriatic 
,  h  is  ilL»isolvcd,  and  by  evaponition  a  red  compound  is  obtained, 
I  which  mnriatc  of  rhodium  may  be  separated  by  water,  or  more 
ectly  l»y  «l<'ohol.  The  rosc-colour.of  this  compound  suggested 
iRiiT*  which  has  been  ap])licd  to  the  metal. 
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j215.  Rhodium  forms  mn\\cab\e  alloys  with  the  malleable  mctd 
<cr«*ral  of  whirli  have  lK'.*n  examined  by  Dr  WoUaston. — PkiL  Tnm 
ICdl.      Thommjn's   Si/stpni,  Vols.  i.  andii. 

With  fiilct-l,  rhodium  forms  an  alloy,  which  probably  would  be  Ta 
uFt.'t\  1  in  tlie  arts,  were  it  not  for  the  scarcity  of  the  latter  metal 
to  '2  //cr.  cent,  of  rhodium  gives  steel  great  hardness,  and  yet  tben 

^'uflirient  tenarily  to  prevent  cracking  either  in  forging  or  ' ^ 

— ^uarterltf  JournaL  ix.  328. 


Mo<Je  CI  «jb- 


Sfxtion  XXXIli.  Palladium. 

1216.  Palladium  is  most  easily  obtained  by  the  following  pncM 
(WoLi.ASTON,  PhiL  Trans,,  1806.)  Digest  the  ore  of  plitBni 
nitro-murialic  acid,  neutralize  the  redundant  acid  by  soda,  thmr  dM 
the  platinum  by  muriate  of  ammonia,  and  filter.  To  the  Ctel 
liquor  add  a  solution  of  cyanuret  of  mercury  (1 194)  ;  a  yeDow  Im 
lent  precipitate  is  soon  deiM)sited  which  yields  pallaidium  on  espoii 
to  heat. 

1217.  Palladium  is  of  a  dull  white  colour,  malleable  and  dadi 
Its  specific  gravity  is  about  11.  It  is  hard.  It  fuses  at  a  tempenli 
above  that  required  for  the  fusion  of  gold. 

1218.  Dr.  WoUaston  has  ascertained  the  existence  of  native  fd 
dium  in  the  ore  of  platinum.     It  is  in  small  fibrous  grains. 

1219.  Muriatic  acid  boiled  upon  palladium  acquires  a  fine  red  cob 
Sulphuric  acid  becomes  blue.  Nitric  acid  readily  dissolves  it ;  but 
best  solvent  is  the  nitro-muriatic,  which  forms  a  fine  red  soluti 
The  alcalis  throw  down  an  orange -coloured  precipitate  from  Am 
solutions,  sparingly  soluble  in  the  alcalis.  Ferrocyanate  of  poll 
^ives  an  olive-green  precipitate ;  and  sulphuretted  hydrogen,  one 
i  dark  brown  colour. 


SiitTiu.x  XXXIV.     Silver. 

i22u.  Silver  is  found  native,  and  in  a  variety  of  combinationf. 

A'ativc  Silver  has  the  general  characters  of  the  pure  metal.  It 
«  urs  in  masses;  aborcscent ;  capilhury ;  and,  sometimes,  crystalii 
in  cubes  and  octoedra.  It  is  seldom  pure,  but  contains  sniiUI  porti 
of  other  metaLs,  which  afiect  its  colour  and  ductility.  It  is  chi 
found  in  primitive  countries.  In  Peru  and  Mexico  are  the  ric! 
known  mines  of  native  silver.  The  mines  of  Saxony,  Hohemia, 
Swabia,  and  those  of  Kongsberg  in  Nonvay,  are  the  richest  in  Eun 
It  has  been  found  in  Cornwall  and  Devonshire.        * 

1221.  Pure  silver  may  be  procured  by  dissolving  the  standard  si 
of  commerce  in  pure  nitric  acid,  diluted  with  an  equal  roeasur 
water.     Immerse  a  plate  of  clean  copper  into  the  solution,  which  ; 


OXIPE  OF  SILVCR.  S9I 

precipitate  of  metallic  silver ;  collect  it  opon  a  filter ;  wash 
ion  of  ammoma,  and  then  with  water,  and  fuse  it  into  a 

0  be  procured  by  adding  to  the  above  solution  of  standard 
ition  of  common  salt ;  collect,  wash,  and  dry  the  precipi- 
le  it  with  its  weight  of  carbonate  of  potassa.  A  button  of 
!tal  is  thus  obtained. 

per  has  a  pure  white  colour,  and  considerable  brilliancy.  ch»ractfr9 
pravity  is  10.5.     It  is  so  malleable  and  ductile,  that  it  may 

into  leaves  not  exceeding  a  ten-thousandth  of  an  inch  in 
id  drawn  into  wire  finer  than  a  human  hair, 
rer  melts  at  a  bright  red  heat,  and  when  in  fusion  appears 
rilliant.  It  resists  the  action  of  air  at  high  temperatures 
ne,  and  does  not  oxidize  ;  the  tarnish  of  silver  is  occasion- 
ireous  vapours  ;  it  takes  place  very  slowly  upon  the  pure 
lore  rapidly  upon  the  alloy  with  copper  used  for  plate,  and 
f  Proust  to  consist  of  sulphuret  of  silver.  Pure  water  has 
on  the  metal  ;  but  if  the  water  contain  vegetable  or  ani- 
it  often  shghtly  blackens  its  surface  in  consequence  of  the 

sulphur.  If  an  electric  explosion  be  passed  through  fine 
it  bums  into  a  black  powder,  which  is  an  oxide  of  silver, 
aic  circle  it  burns  with  a  fine  green  light,  and  throws  off 
nea  of  oxide.  Exposed  to  an  intense  white  heat,  it  boils 
ites.  If  suddenly  cooled,  it  crystallizes  during  congela- 
hooting  out  like  a  rauliflower,  and  throwing  small  particles 

out  of  the  crucible. 

rer  is  not  unfrequently  obtained  in  considerable  quantities 
iferous  sulphuret  of  lead,  which  is  reduced  in  the  usual 
n  cupelled ;  the  oxide  of  lead  thus  procured  is  afterwards 
charcoal. 

the  silver  ores,  especially  the  sulphurets,  are  reduced  by 
n.     These  ores,  when  washed  and  ground,  are  mixed  with 

common  salt  and  roasted  ;  it  is  then  powdered  and  mixed 
with  mercury,  and  the  amalgam  thus  formed  is  distilled. 
proce«»s  of  eliquation  is  now  scarcely  u«ed  :  it  consisted  in 
J  of  copper  and  silver  with  lead  ;  this  triple  alloy  was  cast 
lasses,  which  were  set  in  a  proper  furnace  upon  an  inclined 
»n  with  a  small  channel  grooved  out,  and  heated  red-hot, 
h  the  lead  melted  out,  and  in  consequence  of  its  attraction 
arried  thnt  metal  with  it,  the  copper  being  left  behind  in 
ack  spongy  mass. — Aikin's  Dictionary,  Art.  Silvkr. 
ide  of  Silver   m;iy    be   obtained  by   adding  lime-water  \o 

1  of  nitrate  of  silver,  and  washing  the  precipitate.     It  is  of 
colour,  tasteless,  insoluble  in  water,  and  when  gently  heat 

ed  to  the  metallic  state. 

>05ition  of  oxide  of  silver  has  been  very  variously  given. 
)m  the  dithculty  of  obtaining  it  of  similar  purity.  IT  its 
be  inferred  from  the  chloride,  or  from  the  sul|)linret,  we 
umber  100.3  as  the  representative  of  silver,  anfl  tho  oxid^ 
of  ' 

100.3  silver 
0      oxygen 


117.3  oxidp  of  silver 
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• 

By  a  direct  cicperiinent  upon  the  osude  of  silver,  pre 
potassa  from  the  uitrate,  it  is  foand  that  40  graioB  gave 
inches  of  oxygen,  and  36.4   grains  of  silver  remained  ;  tl 
inches  would  weigh  2.686  grains,  and 

Oxjgejk.  Silver.  OxygcB*  Silver. 

2.686     :     36.4     ::     8     :     108.4 

I  have  preferred  the  number  109.3  as  being  deduced  frt 
ride,  which  is  a  more  uniform  compound  than  the  oxide. 

1226.  Mr.  Faraday  has  rendered  it  probable  that  thei 
combination  of  silver  and  oxygen,  containing  a  smaller  p 
oxygen  than  the  above,  but  it  is  not  capable  of  combining  wi 

1227.  Oxide  of  silver  readily  dissolves  in  ammonia,  anc 
^Wer^°^^^  lar  management,  ^fulminating  silver  ^  composed  of  the  ozii 

with  ammonia,  may  be  obtained.  It  was  discovered  bj 
{Annales  de  Chimie^  Tom.  i.)  The  best  process  for  obta 
pour  a  small  quantity  of  liquid  ammonia  upon  the  oxide  ; 
dissolved,  and  a  black  powder  remains,  which  is  the  date 
pound.  It  explodes  when  gently  heated  ;  nitrogen  and  v 
stantaneously  evolved,  and  the  silver  is  reduced.  The  oi 
should  be  perfectly  pure  and  thoroughly  edulcorated,  and  ( 
quite  free  from  carbonic  acid.  It  should  only  be  preps 
quantities,  and  handled  with  the  greatest  caution,  many  so 
ing  arisen  from  its  careless  management.  It  sometimes  ex] 
still  wet. 

1228.  Silver  and  Chlorine.'-'^Moride  of  Silver.— T\m  < 
easily  procured  by  adding  a  solution  of  chlorine,  of  muris 
oi  common  salt,  to  a  solution  of  nitrate  of  silver  :  it  falls 
of  a  heavy  insoluble  tasteless  powder,  of  a  white  colour,  b< 
exposure  to  light,  becomes  brown,  and  ultimately  black, 
chloride  of  silver  is  heated  to  dull  redness  in  a  silver  cm 
not  lose  weight,  but  tuses ;  and,  on  cooling,  concretes  int 
mi-transparent  substance,  which  has  been  called  horn  sii 
cornea.  If  slowly  cooled,  Proust  has  remarked  that  it  has 
to  octoodral  crystallization.  Heated  to  a  bright  red  or  w 
an  open  vcs^sel,  it  volatilizes  in  dense  white  fumes. 

1229.  If  fused  with  twice  its  weight  of  potassa  or  soda 
silver  is  decomposed,  and  a  globule  of  metallic  silver  is  o 
is  also  rapidly  decomposed  by  tin  and  zinc.  Triturated  witJ 
and  moistened,  the  lieut  produced  is  so  considerable  as  to 
suiting  alloy  of  zinc  and  silver. — Faraday,  Quarterly  Jo% 
ence  and  Arts,  viii.  374. 

1230.  Chloride  of  silver  is  very  soluble  in  ammonia,  a  c 
by  which  it  is  usefully  distinguished  from  some  other  chlor 
like  it,  are  white,  and  formed  by  precipitation.  We  should 
in  applying  heat  to  the  ammoniacal  solution,  as  it  someti; 
precipitate  of  fulminating  silver.  The  ammoniacal  solutii 
crystals,  which,  when  exposed  to  air,  or  put  into  watc] 
transparency,  ammonia  is  evolved,  and  they  crumble  into 
silver.  The  fused  chloride,  exposed  to  ammoniacal  gas,  ab 
siderable  portion,  wliich  is  given  off  by  heat.  If  the  dry  ch 
saturated  with  ammonia,  be  thrown  into  chlorine,  the  amm< 
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IMMlf  inflimet.  (Faraday,  Journal  of  Science  and  Art$,  Vol.  v.,  p. 
\k,)  CUoride  of  ailyer  is  soluble  in  and  decomposed  by  all  the  liquid 
flpmJphites. 

^  1231.  As  chloride  of  silver  is  insoluble  in  water,  and  very  readily 
med,  it  is  often  employed  in  analysis,  us  a  means  of  ascertaining  the 
nportion  of  chlorine  present  in  various  compounds.  In  these  cases 
pezcess  of  the  precipitant  should  be  used,  and  the  precipitate 
pndtotabside  previous  to  separating  it  upon  the  filter;  if  the 
Mutiiit  liquor  become  perfectly  clear,  the  whole  of  the  silver  has 
■hi;  if  it  remain  opalescent,  a  portion  is  probably  still  retained. 
2>cUonde  in  these  cases  should  be  perfectly  dried  in  a  silver  cru- 
iiii  If  (o  incipient  fusion. 

!Wt  The  following  are  three  of  the  best  analyses  of  chloride  of 
■■i«d  their  close  correspdi^nce  is  no  small  test  of  their  accu- 

MMtc%t.  Oaj-Lutiac.  John  Davj. 

Slvcr  .  .  76.47     ....     76.23     ....     76.5 
CUorine    24.63     ....     24.76     ....     24.6 


100.00  100.00  100.0 

le  oaan  composition  deduced  from  these  experiments  may  be 
id 

Silver 76.4 

Chlorine    .  .  .     24.6 


100. 


d  we  may  accordingly,  without  material  error,  consider  the  cblo 
if  silver  as  composed  of 

I  prop,  of  silver     =  109.3 
I  ^—  chlorine  =     36. 


146.3  chloride  of  silver."* 

S3.  Xative  Chloride  of  Silver  has  been  found  in  most  of  the  silver 
I ;  it  occurs  massive  and  crystallized  in  snudl  cubes. 
34.     Chlorate  of  Silver  is  formed  by  digesting  oxide  of  silver  in 
icacid  :  it  forms  small  rhombic  crystals,  which  by  the  action  of 
ine  are  converted  into  chloride  of  silver. 

S5.  Muriatic  acid  has  no  action  upon  a  piece  of  clean  silver,  un- 
boiled with  it  for  a  long  time,  when  a  slight  crust  of  chloride  forms 
it  A  beautiful  experiment,  illustrating  the  influence  of  clectri- 
Ml  chemical  action,  consists  in  attaching  a  slip  of  silver  to  one  oi* 
ud  putting  the  double  bar  into  dilute  muriatic  acid  ;  the  silver 

r.  Bnwle  not  having  in  this  place,  no  more  than  in  several  othen,  assigned  any  au- 
for  the  detennination  he  makes  of  the  represrntative  numbers,  we  must  suppo!>i*  it  to 
MpBarimenls  of  hit  own,  thoo^  this  is  not  said,  and  we  therefore  adhere  to  his  pro 
I  only  making  here  the  due  correction  for  chlorine. 

Tlu.  .S  33.5  :  102.5  =  =  36  :  109.3  I  *»^-j  i"^"- «»» 

■■nt  ob»nrc,  that  in  cvei^  case  where  the  representative  number  is  fractional,  or  an 
per,  the  accuracy  of  it  is  doubtAil ;  for  ou  a  re^®^  ^  ^  ouiltiples  of  hidrofm 
to  be  even  inOfgers. 


[Inter,  readily  dissolves  »lver,  witli  tlie  iliaenga(ea> 
IB.  If  the  acid  contain  th<!  least  portioo  orrouristk 
e  turbid,  aod  deposit  a  white  powdet ;  and  if  UiA  I 
per,  it  will  have  a  permanent  gree '^h  hue  ;  or  if  go 
remtiio  undissolved  in  the  form  of  a  black  powder. 

The  solution  should  be  perfectly  clear  and  coloari 
and  tildes  Haimttl  subntances  of  a  deep  yellow,  wl 
to  light,  becomes  d  deep  purple,  or  black  stain,  n 
peels  off  vfith  the  cuticle  :  it  consists  of  reduced  > 
obtained  in  white  crystals,  in  the  form  of  four  wid  • 
a  bitter  and  metallic  taste,  mid  soluble  in  about  tb 
WHter  at  €0°.  It  blackens  when  exposed  to  light,  ■ 
cd  upon,  is  no  lon^r  perfectly  soluble  in  water,  on 
tion  of  a  portion  of  metallic  silver, 

1 239.  When  heated  in  a  silver  crucible  it  fuM»,  at 
cylinders,  forms  the  lapitinftTnaiit.  or  luiuxr  eoHStic  ■ 
argaiti  nitrcu  of  the  Pharmaeopaw.  In  tbrmingthit 
should  be  taken  not  to  overheat  the  salt,  ami  tbe 
wanned.  Eicposedto  a  red  he»t,  the  acitl  a  parfijr 
ly  decomposed,  and  metuUie  silver  obtnined. 

1340.  Sulpliur,  phosphorus,  charcoal,  hydrogekt  i 
metals,  decompose  this  nitrate.  A  few  grains  tHini 
phur,  and  struck  upon  an  »nvil  with  »  henry  bammei 
nation;  phosphorus  occasioBS  a  violent  explosion  i 
grain  of  it  is  placed  upon  a  crystal  of  Ihc  nitrate,  a 
Struck  sharply  with  a  hammer  ;  anil  if  heated  with 
grates,  and  the  metal  is  reduced. 

If  a  piece  of  silk  dipped  into  n  solution  of  nitMb 
posed  while  moist  to  a  current  of  hyttrogen  g 
and  BJlerwards  becomes  iridescent  from  the  redt 
metal. — Mrs.  Fitlhame's  £mo^  on  Cmnhuttion.  \ 
A  stick  0 f £h os£JjoQ(g,  jflJjgdiUfidil 
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■rilfiKettto  be  introduced  into  a  solution  composed  of  six  drachms 
'•ilinted  nitrate  of  silver  and  four  drachms  of  a  similar  solution  of 
nouj  dilated  with  fiye  ounces  of  distilled  water ;  a  small  flask  or 
ilmi  ihoaM  be  used  for  the  experiment,  kept  perfectly  at  rest :  in 
bv  aiDStei  saall  filaments  of  silver  darken  the  surface  of  the  amal- 
f^  nd  in  about  eight  and  forty  hours  the  whole  has  separated  in  a 
MMikefenB.  The  principal  use  of  the  addition  of  mercury  to  the 
liioi,  md  of  silver  to  the  precipitating  mercury,  is  to  give  a  degree 
f teaiQtf  to  the  arborescent  deposit  of  crystals,  which  prevents  their 
■i«tothe bottom  of  the  flask. 

•IML'The  alcaliae  metallic  oxides  decompose  this  salt  of  silver :  it 
dbi  decomposed  by  muriatic,  sulphuric,  phosphoric,  and  boracic 
ik  Ae  protosulphate  of  iron  throws  down  metallic  silver  when 
Mii  tea  soiution  of  the  nitrate  :  Drotomnhate  of  tin  forms  a  grey 
Mfitite  consisting  of  peroxide  of  tin  and  oxide  of  silver. 
iM,  Aamonia  added  to  solution  of  nitrate  of  silver  occasions  a 
Mfitete  ntable  in  excess  of  the  alcali. 

1144.  Nitoite  of  silver  is  of  much  use,  as  a  test  fi>r  chlorine,  muri- 
ie  idd,  aad  their  compounds.  It  is  employed  for  writing  upon  linen 
^  the  BMne  of  indelible  or  marking  taib,  and  is  an  ingredient  in 
■ftfttefiquids  which  are  sold  for  the  purpose  of  changing  the  co- 
VtfUr.  It  is  nsed  in  medicine  and  surgery. 
Mk  JiUrile  of  Silver  is  obtained,  according  to  Proust,  by  long  di- 
riin  of  powdered  silver  in  nitric  acid  already  saturated  with  the 
liL  It  is  more  soluble  than  the  nitrate,  and  difficultly  crystalliza- 
>•  ft  appears  not  improbable  that  this  salt  may  contain  the  suboxide 
ieidl^Mr.  Faraday.  (1226.) 

IM.  Sdphuret  of  Silver. — Silver  readily  combines  with  sulphur, 
produces  a  grey  crystallizable  compound,  considerably  more  fusi- 
on silver.  It  is  this  which  forms  the  tarnish  upon  silver  plate. 
^)  It  consists  of  1  proportional  of  each  of  its  components. 

Silver  .  .  109.3 
Sulphur.     16. 

125.3  sulphuret  of  silver. 

47.  Sulphuretted  hydrogen  and  hydrosulphuret  of  ammonia  occa- 
•  copious  black  precipitate  of  sulphuret  of  silver  when  added  to 
ions  of  the  metal ;  a  portion  of  the  silver  is  frequently  at  the  same 
ndoced  to  the  metallic  state. 

M.  Native  Sulphuret  of  Silver^  or  vitreous  silver  ore,  is  found  in 
OS  forms,  and  when  crystallized,  is  in  cubes,  octoedra,  and  dode- 
:a.  It  is  soft  and  sectile.  The  6nest  specimens  are  from  Siberia. 
49.  A  triple  combination  of  silver  and  antimony  with  sulphur,  con- 
es the  red  or  ruby  silver  ore;  it  is  found  massive  and  crystallized 
xaedral  prisms.  It  consists  of  about  70  parts  of  sulphuret  of  sil- 
md  30  sulphuret  of  antimony.  It  occurs  in  all  the  silver  mines, 
sometimes  accompanied  by  the  brittle  sulphuret  of  silver  j  or  silver 
I. 

M).  Hyposulphite  of  Silver  has  been  examined  by  Mr.  Herschel  in 

le  paper  on  the  hyposulphurous  acid  {Edin.  Phil,  Journal,  i.  26.) 

irmed  by  dropping  a  weak  solution  of  nitrate  of  silver  into  a  very 

solotion  of  hyposulphite  of  soda ;  a  white  cloud  is  at  first  produc- 
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ed,  which  re-dissolres  on  agitation ;  on  adding  more  ofthe  precipitant,  the 
cloud  re-appears  and  aggregates  into  a  grey  precipitate,  which  appears 
to  consist  of  hyposulphite  of  silver ;  Uie  supernatant  hquor  tastes  in- 
tensely sweet,  which  is  remarkahle  considering  the  disgusting  hittemess 
both  of  the  nitrate  and  of  the  hyposulphite,  and  shows,  says  Mr.  Her* 
schel,  **  how  little  we  know  of  the  way  in  which  bodies  sdOTect  the  or* 
gans  of  taste»  Sweetness  and  bitterness,  like  acidity,  seem  to  depend 
upon  no  particular  principle,  but  to  be  regulated  by  the  state  of  com* 
bination  in  which  the  same  principles  exist  at  different  times/' 

Hyposulphite  of  silver  is  also  produced  when  chloride  of  silver  is 
dissolved  in  any  of  the  hjrposulphites  ;  the  solution  is  intensely  sweet 
without  any  metallic  flavour. 

1251.  HyponUpkUe  of  Potaua  and  Silver  is  formed  when  liquid  po* 
tassa  is  dropped  mto  the  solution  of  chloride  of  silver  in  hyposulphite 
of  soda ;  it  separates  in  the  form  of  a  copious  precipitate,  which,  when 
washed  and  dried,  is  found  to  consist  of  small  grey  pearly  scales :  they 
are  difficultly  soluble  in  water ;  of  a  very  sweet  taste ;  and  heated  be* 
fore  the  blow-pipe  afford  a  bead  of  silver. 

1252.  Sulphite  of  Silver  is  obtained  in  crystalline  grains  by  digest- 
ing oxide  of  silver  in  sulphurous  acid. 

1253.  Sulphate  of  Silver  is  deposited  when  sulphate  of  soda  is  mix- 
ed with  nitrate  of  silver.  It  is  also  formed  by  boiling  silver  in  sulphu- 
ric acid.  It  requires  about  90  parts  of  water  at  60^  for  its  solution  ; 
in  boiling  water  it  is  more  soluble  and  is  deposited,  as  the  solution  cools, 
in  small  prismatic  crystals :  it  is  decomposed  at  a  red  heat.  It  consists 
of 

1  proportional  of  oxide  of  silver  =  117.3 
I  — '  sulphuric  acid  =  40 

157.3  sulphate  of  silver. 

1254.  A  compound  acid,  which  may  be  called  nitro-sulphuricy  con- 
sisting of  one  part  of  nitre  dissolved  in  about  ten  of  sulphuric  acid,  dis- 
solves silver  at  a  temperature  below  200^,  and  the  solution  admits  of 
moderate  dilution  before  sulphate  of  silver  separates  from  it.  This 
acid  scarcely  acts  upon  copper,  lead,  or  iron,  unless  diluted  with  wa- 
ter ;  it  is,  therefore,  useful  in  separating  the  silver  from  old  plated  ar- 
ticles :  the  precious  metal  may  silerwards  be  separated  either  in  the 
form  of  chloride,  by  adding  common  salt ;  or  by  dilating  the  acid  and 
continuing  the  immersion  of  the  pieces  of  copper  which  have  lost  their 
silvering,  and  which  will  now  dissolve  in  the  diluted  acid  and  occasion 
the  precipitation  of  metallic  silver. — Keir,  Phil,  Trans.,  Ixxx. 

1255.  Phosphuret  of  Silver  is  a  white  brittle  compound. 

1256.  Neither  Hypophofphite  nor  Phosphite  of  Silver  have  been  ex- 
amined. 

1257.  Phosphate  of  Silver  is  formed  by  dropping  a  solution  of  phos- 
phate of  soda  into  nitrate  of  silver.  It  is  of  a  yellow  colour,  and  con- 
«ist8|  according  to  Berzelius,  (Annales  de  Chitnie^  et  Physique,  Tom.  ii.) 
«>f 

83  oxide  of  silver 
17  phosphoric  acid 

100 
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80  that  it  may  he  considered  as  a  compound  of  1  proportional  of  oxide 
<>f  silver  2=  1 17.3  +  1  proportional  of  phosphonc  acid  =s  28. 

1258.  Carbonate  of  Silver  is  precipitated  in  the  form  of  a  white  in* 
soluble  powder,  by  adding  carbonate  of  potassa  to  nitrate  of  silver.  It 
blackens  by  exposure  to  light.     It  consists  of 

1  proportional  of  carbonic  acid     ^     22 
•  1        '  ■     ■   ■  oxide  of  silver  &  117.3 


Carbonate  of  silver  =s  139.3 

1259.  Carbonate  of  ammonia  only  throws  down  a  portion  of  the  sil« 
▼er  from  the  nitrate,  and  forms  a  triple  ammonio-carbonate  of  iilver. 

1260.  Borate  of  SUver  is  thrown  down  from  the  nitrate  of  silver  in 
the  form  of  white  powder,  by  adding  solution  of  borate  of  soda. 

1261.  Hydrocyanic  acid  and  hydrocyanale  of  potassa  cause  a  white 
precipitate  in  solutions  of  silver,  which  appears  to  be  acyanuret  of  sil- 
rer,  and  which,  when  heated,  gives  out  cyanogen. 

1262.  Arsenite  of  Silver  is  precipitated  in  the  form  of  a  white  pow- 
der, soon  becoming  yellow  and  brown»  by  the  addition  of  solution  of  ar- 
senious  acid  to  nitrate  of  silver. 

1263.  Arseniate  of  Silver  is  thrown  down  from  nitrate  of  silver  by 
arsenic  acid,  of  a  reddish  brovm  colour. 

1264.  Molybdate  of  Silver  has  not  been  examined. 

1265.  Chromate  0/  SUver  is  precipitated  of  a  crimson  colour  by  add-* 
•ng  chromate  of  soda  to  nitrate  of  silver.  It  soon  loses  its  brilliant 
tint  and  becomes  brown. 

1266.  Tungstate  of  Silver — not  examined. 

1267.  The  soluble  salts  of  silver  are  recognised  by  furnishing  a 
white  precipitate  with  muriatic  acid,  which  blackens  by  exposure  to 
light,  and  which  is  readily  soluble  in  ammonia  ;  and  by  affording  me- 
tallic silver  upon  the  immersion  of  a  plate  of  copper.  The  salts  inso- 
luble in  water  are  soluble  in  liquid  ammonia,  and  when  heated  on  char- 
coal before  the  blow»pipe  they  afford  a  globule  of  silver. 

1268.  Alloys  of  Silver, — The  compounds  of  this  metal  with  potas- 
sium, sodium,  and  manganese,  have  not  been  examined.  It  unites  dif- 
ficultly with  iron. 

1269.  When  silver  and  steel  are  fused  together,  an  alloy  is  formed, 
which  appears  perfect  while  in  fusion,  but  globules  of  silver  exude  from 
it  on  cooling,  which  shows  the  weak  attraction  of  the  metals.  At  a 
very  high  temperature  the  greater  part  of  the  silver  evaporates,  but  a 
portion  equal  to  about  1  in  500  remains,  forming  a  perfect  alloy,  admi- 
rably adapted  to  the  formation  of  cutting  instruments. — Stooart  and 
Faraday,  on  the  Alloys  of  Steel.     Quarterly  Journal^  ix. 

1270  Silver  readily  combines  with  zinc  and  tin,  forming  brittle  al- 
loys. The  alloy  of  silver  with  copper  is  of  the  most  importance,  as  it 
constitutes  plate  and  coin  By  the  addition  of  a  small  proportion  of 
copper  to  silver,  the  met^l  is  rendered  harder  and  more  sonorous, 
while  its  colour  is  scarcely  impaired. 

The  standard  silver  of  this  country  consists  of  11^  pure  silver  and 
^ Jcopper.  A  pound  troy,  therefore  is  composed  of  1 1  oz.  2  dwts. 
pure  silver,  and  18  dwts.  of  copper,  and  it  is  coined  into  66  shiDingff. 
With  lead  the  alloy  is  grey  and  britUe,  as  also  with  antimony,  bismuth, 
cobalt,  and  arsenic. 
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1271.  Amalgam  of  silver  is  sometimes  employed  for  pUuing;  it  is 
applied  to  the  surface  of  copper,  and  the  mercury  being  evaporated  by 
heat,  the  remaining  silver  is  burnished.  The  better  kind  of  platii^, 
however,  is  performed  bv  the  application  of  a  plate  of  silver  to  the 
surface  of  the  copper,  which  is  afterwards  beaten  or  drawn  out 
iWeria^for  1272.  A  mixture  of  chloride  of  silver,  chalk,  and  pearlash,  is  em« 
^*'  ployed  for  silvering  brass :  the  metal  is  rendered  very  clean,  and  the 

above  mixture,  moistened  with  water,  rubbed  upon  its  sur^e.     In 
this  way  thermometer  scales  and  clock  dials  are  usually  silvered. 

1273.  The  analysis  of  alloyed  silver  is  a  very  important  process, 
and  in  continual  practice  by  refiners  and  assayers.  It  may  be  per- 
formed in  the  humid  way  by  dissolving  the  alloy  in  nitric  acid,  precifM* 
tating  with  muriatic  acid,  and  either  reducing  the  chloride  by  potassa 

^  ia  the  way  above  described  (1229),  or  estimating  the  quantity  of  sUver 
which  it  contains.  The  utual  method,  however,  which  is  employed  at 
the  mint,  and  by  the  refiners,  is  cmpdiaium, 

1274.  Of  the  useful  metab,  there  are  three  only  which  are  capable 
of  resisting  the  action  of  air  at  high  temperatures ;  these  are  sSver, 
gold,  and  platinum ;  the  others,  under  the  same  circumstances,  become 
oxidized ;  it  might,  therefore,  be  supposed,  that  an  alloy,  containing 
one  or  more  of  the  former  metals,  would  sufier  decomposition  by  mere 
exposure  to  heat  and  air,  and  that  the  oxidable  metal  would  bum  away. 
This,  however,  is  not  the  case ;  for  if  the  proportion  of  the  latter  be 
small,  it  is  protected,  as  it  were,  by  the  former ;  or,  in  other  cases,  e 
film  of  oxide  coats  the  fused  globule,  and  prevents  the  further  action 
of  the  air.  These  difficulties  are  overcome  by  adding  to  the  alloy 
some  highly  oxidable  metal,  the  oxide  of  which  is  fusible.  Lead  is 
the  metal  usually  selected  for  this  purpose,  though  bismuth  will  also 
answer.  Supposing,  therefore,  that  an  aUoy  of  sUver  and  copper  is  to 
be  atsayedy  or  analyzed  by  cupellatfon :  the  following  is  the  mode  of 
proceeding. 

A  clean. piece  of  the  metal,  weighing  about  30  grains,  is  laminated, 
and  accurately  weighed  in  a  very  sensible  balance.  It  is  then  wrap- 
ped up  in  the  requisite  quantity  of  sheet  lead,  (pure  and  reduced  from 
Utharge,)  and  placed  upon  a  small  cupel^  or  shallow  crucible,  made  of 
^»y*"«-  bone  earth,  which  has  been  previously  heated.  The  whole  is  then 
placed  under  the  muffle,  heated  to  bright  redness ;  the  metals  melt, 
and  by  the  action  of  the  air  which  plays  over  the  hot  surface,  the  lead 
and  copper  are  oxidized  and  absorbed  by  the  cupel,  and  a  button  of 
pure  silver  ultimately  remains,  the  completion  of  the  process  being 
judged  of  by  the  cessation  of  the  oxidation  and  motion  upon  the  surfiice 
of  the  globule,  and  by  the  very  brilliant  appearance  assumed  by  the 
silver  when  the  oxidation  of  its  alloy  ceases.  The  button  of  pure 
metal  is  then  sufiered  to  cool  gradually,  and  its  loss  of  weight  will  be 
equivalent  to  the  weight  of  the  alloy,  which  has  been  separated  by 
oxidation. 

To  perform  this  process  with  accuracy,  many  precautions  are  re- 
quisite, and  nothing  but  practice  can  teach  these,  so  as  to  enable  the 
operator  to  gain  certain  results.  An  excellent  article  upon  the  subject 
will  be  found  in  Aikin^s  Oiemical  Dictionary^  and  in  Mr.  Children'^ 
Tran$latxim  of  Tbenard  on  Chemical  Analyns. 
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Section  XXXV.    Gold. 


1275.  Gold  ocean  in  nature  in  a  metallic  state,  alloyed  with  alit-Hiitorr. 
He  silver  or  copper,  and  in  this  state  is  called  t%aiive  gold.     Its  colour 

ii  Tarious  shades  of  yellow ;  its  forms  are  massive,  ramose,  and  crys- 
talMzed  in  cubes  and  octoedra.  The  veins  of  gold  are  confined  to 
j^mitive  countries,  hut  large  Quantities  of  this  metal  are  collected  in 
aOavial  soils  and  in  the  beds  ot  certain  rivers,  more  especially  those 
of  the  west  coast  of  Africa,  and  of  Peru,  Brazil,  and  Mexico.  In  Eu- 
rope, the  streams  of  Hungary  and  Transylvania  have  afforded  a  respec- 
table quantity  of  gold ;  it  has  been  found  also  in  the  Rhine,  the  Rhone, 
and  the  Danube.  Snudl  quantities  iiave  been  collected  in  Cornwall, 
and  la  the  county  of  WicUow  in  Ireland. 

1276.  Gold  may  be  obtained  pure  by  dissolving  standard  gold  in  Mode  of  pb 
attro-muriatic  acid,  evaporating  the  solution  to  drjmess,  re-dissolving ^^°^^' 
the  dry  mass  in  distilled  water,  filtering,  and  adding  to  it  a  solution  of 
prototulphate  of  iron ;  a  black  powder  falls,  which,  after  havii^  been 
washed  with  dilute  muriatic  acid  and  distilled  water,  affords  on  fusion  a 
bntion  of  pure  gold. 

1277.  Gold  is  of  a  deep  yellow  colour.  It  melts  at  a  bright  red 
heat,  and  when  in  fusion  appears  of  a  brilliant  green  colour. 

Gold  is  so  malleable  that  it  may  be  extended  into  leaves  which  doctetettrr. 
aot  exceed  yt^vv  ^^  ^^  ^^^^  ^^  thickness.  It  is  also  very  ductile.  It 
ahowi  DO  tendency  to  unite  to  oxygen  when  exposed  to  its  action  in  a 
state  of  fusion  ;  but  if  an  electric  discharge  be  passed  through  a  very 
fine  wire  of  gold,  a  purple  powder  is  produced,  which  has  been  con- 
sidered as  an  oxide. 

1278.  Oxide  of  Oold  may  be  obtained  by  adding  a  solution  of  potas- 
sa  to  a  solution  of  muriate  of  gold,  and  heating  the  mixture  ;  the  pre* 
cipitate  must  be  washed  first  with  weak  solution  of  potassa,  and  then 
with  water,  and  dried  at  a  temperature  of  100^  ;  if  the  heat  exceed 
this,  a  portion  of  the  oxide  is  reduced,  and  it  is  then  only  partially  so- 
luble in  muriatic  acid.  If  this  be  regarded  as  a  protoxide,  that  is,  as 
consisting  of  1  proportional  of  gold  +  1  of  oxygen,  then  the  number 
103.4+7.5  :  97  :  :  8  :  103.4  will  represent  gold,  and  this  oxide  will 
consist  of  103.4  gold  +  8  oxygen  =  1 1 1.4^^.  It  is,  however,  probable 
that  the  purple  powder  produced  by  the  combustion  of  gold  contains 
a  portion  of  oxygen. 

1279.  Chloride  of  Crold. — When  gold  in  a  state  of  minute  divison  issaittof  gow. 
heated  in  chlorine,  a  compound  of  a  deep  yellow  colour  results,  which 

is  said  to  consist  of  103.4  gold  +  36  chlorine.  When  acted  upon  by 
water,  a  muriaie  of  gold  is  produced. 

1280.  The  action  of  iodine  on  gold  has  been  examined  by  M.  Pelle- 
tier,  {Quarterly  Journal  of  Science  and  Art9y  x.  121.)  When  hydrio- 
date  of  potassa  is  added  to  muriate  of  gold,  it  produces  a  very  co- 
pious yellowish  brown  precipitate,  insoluble  in  cold  water,  and  eat^ily 
decomposed  by  heat.     It  gave  on  analysis 

Iodine 34 

Gold 66 


*Th«se  nmnbcrs  arc  dcdBced  from  Pr9Bit*sexperiiiieDti.-^NicBOLioif'f  7<mm«/,  Vol.  lir. 
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If  this  be  considered  a  compound  of  1  proportional  gold  and  1  or 
iodine,  the  number  242.6  must  be  adopted  as  the  representative  of  gold, 
for  34  :  66  ::  *125  :  242.6,   a  number  so  much  at  variance  with  that 
deduced  from  other  experiments,  as  to  show  the  necessity  of  further 
inquiries,  before  either  be  adopted. 

1 28 1  •  Nitrate  of  Gold, — The  nitric  acid  has  scarcely  any  action  upon 
gold,  but  it  readily  dissolves  the  oxide,  forming  a  yellow  styptic  deli- 
quescent salt. 

1282.  The  true  solvents  of  gold  are  solution  of  chlorine  and  nitro- 
muriatic  acid  ;  the  latter  is  usually  employed,  composed  of  two  parts  of 
muriatic  and  one  of  nitric  acid.  By  evaporation,  the  saturated  solution, 
which,  however,  is  always  acid,  affords  prismatic  crystals  oftnuricUeoJf 
gold.  This  salt  is  very  deliquesc^t ;  it  is  decomposed  by  heat,  leav- 
ing a  spungy  mass  of  pure  gold  ;  a  very  minute  portion  of  the  metal 
also  passes  off  with  the  muriatic  acid. 

1 283.  When  potassa  iaVlded  to  the  solution  of  muriate  of  gold,  no 
precipitate  occurs  till  best  is  applied,  when  a  reddish-yellow  precipi- 
tate falls,  which  is  peroxide  of  gold  ^1278)  ;  the  whole  of  the  metal, 

,  however,  is  not  thrown  down,  a  portion  beii^  retained  so  as  to  form  a 
Tnpi«  auiri-  ^^^pi^  muriate  of  gold  and  pota$H^y  which  is  very  soluble  and  not  de- 
composed by  further  excess  of  alcau  :  it  is  on  this  account  that  a  rery 
acid  solution  of  muriate  of  gold  will  afford  no  precipitate  whatever  with 
potassa  or  soda,  the  triple  salt  formed  being  in  that  case  sufficient  to  em- 
ploy the  whole  of  the  oxide  of  gold.  M.  Pelletier  has  stated  that 
potassa  alone  dissolves  oxide  of  gold,  and  has  called  the  compound  aii- 
raie  of  potaua, 

1284.  When  liquid  ammonia  is  added  to  a  concentrated  solution  of 
muriate  of  gold  diluted  with  about  three  parts  of  water,  a  yellowish- 
brown  precipitate  is  formed,  which  if  collected  upon  a  filter,  washed 

wjuMting  with  a  httle  water,  and  carefully  dried  at  the  temperature  of  212^,  is 
^  '  fulminating  gold,     Bergman  first  showed  that  this  compound  consists  of 

about  five  parts  of  peroxide  of  gold  and  one  of  ammonia  :  when  heated 
to  about  400^,  it  explodes  violently,  the  gold  is  reduced,  and  nitrogen 
and  water  are  evolved  ;  hence  it  appears  that  the  ammonia  is  decom- 
posed, that  its  hydrogen  uniting  with  the  oxygen  of  the  oxide  forms  wa- 
ter, and  that  the  nitrogen  is  suddenly  liberated.  It  explodes  by  friction 
with  hard  bodies,  and  by  an  electrical  shock.  If  two  or  three  grains 
be  detonated  upon  a  thin  piece  of  platinum  leaf,  the'metal  is  torn  at  the 
point  of  contact. 

1285.  Muriate  of  gold  is  decomposed  by  phosphorus  and  charcoal, 
and  by  sulphurous  acid  :  a  piece  of  paper,  moistened  with  it  and  ex- 
posed to  light,  also  becomes  purple  in  consequence  of  its  decomposition. 

1286.  When  solution  of  protosulphate  of  iron  is  added  to  muriate  of 
gold  the  mixture  instantly  acquires  a  din;^  green  or  brown  tinge,  and 
appears  of  a  beautiful  green  if  viewed  by  strong  transmitted  light :  these 
appearances  depend  upon  the  presence  of  an  infinite  number  of  small 
particles  of  gold  in  the  metallic  state,  its  oxygen  having  been  imparted 
to  the  salt  of  iron  :  they  soon  subside  in  the  form  of  a  brown  powder, 
which  may  he  collected  upon  a  filter  and  fused  into  a  button.  This  me- 
thod of  separating  gold  from  its  solution  is  often  convenient  in  analyti- 
cal operations. 

*  The  omnberreprtsentiDS  iodine,  and  the  Qolj  one  that  is  odd:  probably  incorrect. 
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1287.  ProtomDriate  of  tiD,  added  to  muriate  of  gold,  occasions  aii 
iQStant  change  of  colour  to  a  reddish  brown  or  dirty  purple  :  if  a  piece 
of  tin  foil  be  immersed  in  a  dilute  solution  of  the  muriate  of  gold,  the 
same  purple  powder  is  presently  thrown  down  upon  it :  this  powder 
is  used  in  enamel  painting,  and  for  tinging  glass  of  a  fine  red  colour, 
under  the  name  of  purple  of  Qusius :  it  is  a  compound  of  peroxide  of 
tin  and  oxide  of  gold,  the  latter  metal  appearing  to  be  in  a  very  low 
ftate  of  oxidizement,  and  yet  soluble  in  muriatic  acid  :  it  is  also  soluble 
in  ammonia,  forming  a  deep  purple  Uquor.  It  would  appear  from 
Proust's  experiments  to  consist  of  about  three  parts  oxide  of  tin,  and 
one  of  oxide  of  gold. 

1288.  If  a  solution  of  muriate  of  gold  be  mixed  with  sulphuric 
ether  it  combines  with  the  oxide,  and  an  ethereal  solution  of  gold  is  ob- 
tained. Polished  steel  dipped  into  this -solution  acquires  a  coat  of 
gold,  and  it  has  hence  been  employed  for  Riding  delicate  cutting  intstru- 
ments.     (See  Sulphuric  Ether.) 

1889.  Sulphuret  of  Gold  Is  procured  by  passing  sulphuretted  hydro* 
gen  through  an  aqueous  solution  of  muriate  of  gold.  It  is  a  black  sub- 
stance consisting  probably  of  103.4  gold  +  32  sulphur. — Oberkampf, 
Annales  de  Chimie^  Tom.  Ixxx. 

1290.  Sulphate  of  Gold  is  formed  by  digesting  the  oxide  in  dilute  siul- 
pburic  acid,  but  the  salt  has  not  been  examined. 

1291.  Phosphuret  of  Gold  is  obtained  by  heating  gold  leaf  with  phos- 
phorus, in  a  tube  deprived  of  air.  It  is  a  grey  substance  of  a  metal- 
lic lustre,  and  consists  probably  of  103.4  gold  +  12  phosphorus. 

1292.  Alloy$  of  Gold. — ^A  very  curious  detail  of  an  extended  and 
accurate  series  of  experiments  upon  the  alloys  of  gold  has  been  pub- 
lished in  the  Philosophical  Transactions  for  1803,  by  Mr.  Hatchctt :  his 
experiments  were  generally  made  with  1 1  parts  of  gold  and  1  of  alloy  ; 
or  38  grains  of  alloy  to  the  ounce  of  gold. 

]!S93.  The  alloys  of  gold  with  potassium,  sodium,  and  manganese, 
have  not  been  examined.  -  With  iron  the  alloy  is  malleable  and  ductile, 
and  harder  than  gold,  its  colour  dull  white,  and  its  specific  gravity 
16.885.  The  metals  expand  by  union,  so  that  supposing  their  bulk 
before  combination  to  have  been  1000,  after  combination  it  is  1014.7. 

1294.  With  zinc  the  compound  is  brittle  and  brass-colotfredv  Spe- 
cific gravity  16.937.  The  metals  contract  a  little  in  uniting,  the  Origin- 
al bulk  being  1000,  that  of  the  alloy  is  997.  The  brittleness  conti- 
nued wh^n  the  zinc  was  reduced  to  ^  of  the  alloy.  The  fumes  of 
zinc  in  a  furnace  containing  fused  gold,  make  it  brittle. 

1295.  Tin  formed  a  whitish  alloy,  brittle  when  thick,  but  flexible 
in  thin  pieces.  Specific  gravity  17.307.  Bulk  before  fusion  1000  ; 
after  fusion  981.  So  that  there  is  considerable  contraction.  The  old 
chemists  called  tin  dioMus  metallorum,  from  its  property  of  rendering 
gold  brittle,  but  Mr.  Bingley's  experiments  quoted  by  Mi'.  Hitchett, 
show  that  ^  of  tin  does  not  render  gold  brittle. 

1296.  The  alloy  of  lead  is  very  brittle  when  that  metai  only  consti- 
tutes TT^Tfv  of  the  alloy  ;  even  the  fumes  of  lead  destroy  the  ductility 
of  gold.  The  specific  gravity  is  18.080;  and  1000  parts  become 
1005.  A  very  remarkable  fact  in  respect  to  this  alloy  is,  that  its  spe« 
cific  gravity  diminishes,  to  a  certain  extent,  as  the  proportion  of  lead 
diminishes,  and  is  at  its  maximum  when  the  lead  amounts  only  to  ^l^tb 
part,  the  quantity  of  gold  remaining  the  same,  and  the  deficiency  bein;^ 
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made  up  witli  copper.    The  following  Table,  drawQ  up  by  Mr.  Hatch- 
ett,  exhibits  this  remarkable  fact : 


METALS. 


I 


■^^■■"TgrrnrlvilSrr^SkblBlora  •    Bulk  after    i 
GniM.      I     ^f  jiWoff    I         Unioii.    |        Unioo.      I 


Gold 
Lead 


442 
38 


18.080         1000 


1005 


Gold  . 
Copper 
Lead    . 


•  .  •  • 


442 
19 
19 


17.765 


1000 


1005 


Gold  . 
Copper 
Lead    . 


442 

30 

8 


17.312 


1000 


1022 


22 


Gold  . 
Copper 
Lead    • 


•  •  •  • 


442 

34 

4 


17.032 


1000 


1035 


35 


Gold  . 
Copper 
Lead    . 


442 
37.5 
0.5 


Gold  . 
Copper 
Leud    . 


I     442 
I       37.75 
0.75 


16.627 


1000 


1057 


67 


17.039 


1000 


1031 


31 


1007.  The  alloy  with  nickel  was  of  a  brass  colour  and  brittle.  The 
Fpecilir.  gravity  of  the  gold  being  19.172,  and  of  the  nickel  7.8,  that  of 
the  alloy  was  17.068.  An  expansion  had  taken  place,  1000  parts  be- 
fore fusion  having  become  1007. 

IC98.  With  cobalt  the  alloy  was  yery  brittle.  Specific  gravitj 
17. 1 1*2.     UHK)  parts  became  1001  after  fusion. 

1*299.  With  bismuth  the  alloy  was  of  a  brass  colour,  very  bmtlc, 
and  of  a  specific  gravity  =  18.038.  1000  parts  became  988  after  fu- 
sion, so  that  the  condensation  was  considerable.  When  the  bismutli 
:imountrd  only  to  ttVv^^  P^^'  ^^  ^^^^J  ^^  ^^^'^  brittle,  though  the 
colour  was  nearly  that  of  gold. 

1300.  With  copper  (standard  gold)  the  alloy  is  perfectly  ductile  and 
malleable,  but  harder  than  pure  gold,  and  resists  wear  better  than  any 
other  alloy  except  that  with  silver.  Its  specific  gravity  is  17.157. 
Cold  coin  is  an  alloy  of  eleven  parts  of  gold  and  one  of  copper  ;  of 
this  idloy,  twenty  troy  pounds  are  coined  into  934  sovereigns  and  one 
half  sovereign  ;  one  pound  formerly  was  coined  into  44^  guineas  ;  it 
now  produces  46} |  sovereigns. 

1301.  Arsenic  and  antimony,  when  alloyed  in  venr  small  proportions 
with  gold,  destroy  its  colour  and  render  it  quite  brittle. 

1302.  The  analysis  of  most  of  the  alloys  of  gold  is  performed  by 
riipellation.  The  triple  alloy  of  gold,  silver,  and  copper,  may  be  an- 
alyzed by  digesting  it  in  nitric  acid,  which  takes  up  the  silver  and  cop- 
per, and  leaves  the  gold  in  the  form  of  a  black  powder,  which  may  be 
fused  into  a  button,  and  weighed.  The  silver  may  be  thrown  down  ia 
the  state  of  chloride  by  solution  of  common  salt,  and  the  copper  preci- 
pitated by  iron. 

1303.  The  assay  of  gold  is  more  complicated  than  that  of  silver,  in 
'^oiisequonce  of  the  high  attraction  which  it  has  for  copiier,  and  wiiich 
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^reTents  its  complete  separation  by  mere  cupcllation.  An  alloy,  there- 
bre,  of  copper  with  gold,  is  combined  with  a  certain  quantity  of  sil- 
rer,  previous  to  cupellation ;  this  is  then  cupelled  with  lead  in  the 
uual  way,  and  the  silver  is  aAerwan^  separated  by  the  action  of 
feitric  acid^ 

1304.  The  real  quantity  of  gold  or  silver  taken  for  an  assay  is  very 
imall ;  from  1 8  to  36  grains,  for  instance,  for  silver,  and  from  6  to  12  for 
|old ;  whatever  the  quantity  may  be  it  is  called  the  astay  pound.  The 
lilver  assay  pound  is  divided  into  12  ounces,  and  each  ounce  into  20 
penny -weights.  The  gold  assay  pound  is  subdivided  into  24  carats, 
md  each  carat  into  4  assay  grains. — Aikjn's  Dictionary,     Art.  Assay. 

1305.  Mercury  and  gold  combine  with  great  ease«  and  prodqce  a 
white  amalgam  much  used  in  gilding.  For  this  purpose  the  amalgam 
is  applied  to  the  surface  of  the  silver ;  the  mercury  is  then  driven  off 
by  beat,  and  the  gold  rcmiuns  adhering  to  the  silver,  and  is  burnished. 
!i  his  process  is  called  r<;atf:r  gilding. 

In  gilding  porcelain  gold  po-jsdcr  is  generally  employed,  obtained  by 
the  decomposition  of  the  muriate  ;  it  is  applied  with  a  pencil,  and  bur- 
nished after  it  has  been  exposed  to  the  heat  of  tlie  porcelain  furnace. 

Many  curious  facts  relating  to  the  properties  of  gold,  and  its  uses  in 
the  arts,  will  be  found  in  Dr.  Lewises  Philosophical  Commerce  of  ikc 
Arts. 


Sfxtion  XXXVI.     Platinum. 

13UG.  This  metal  is  found  in  small  grains  in  South  America,  contin-  iiistorj- 
ed  to  alluvial  strata  in  New  Granada.     These  grains,  besides  platinum, 
contain  generally  gold,  iron,  lead,  palladium,  rhodium,  iridium,  and  os- 
mium. 

The  pure  metal  may  be  obtained  by  dissolving  crude  platinum  in  ni-  M^n<!«  of 
tro-muriatic  acid,  and  precipitating  by  a  solution  of  muriate  of  ammo- ^*"'"*^* 
nia.  This  first  precipitate  is  heated,  dissolved  in  nitro-muriatic  acid, 
and  again  precipitated  as  before.  The  second  precipitate  is  heated 
white  hot,  and  pure  platinum  remains.  It  is  a  white  metal,  extremely 
difBcult  of  fvision,  and  unaltered  by  the  joint  action  of  heat  and  air. 
Its  specific  gravity  is  21.5,  It  is  very  ductile,  malleable,  and  tena- 
cious. 

1307.  Platinum  and  Oxygen. — When  nitrate  of  mercury  is  added  to 
a  dilute  solution  of  muriate  of  platinum,  a  powder  falls,  which,  when 
carefully  heated,  gives  off  calomel,  and  leaves  a  black  oxide  of  plati- 
num, composed,  according  to  Mr.  Cooper,  of  100  platinum,  -["  4.5  ox- 
ygen.— Journal  of  Science  and  the  ArtSy  Vol.  iii. 

Berzelius  obtained  an  oxide  of  platinum  by  decomposing  the  mu- 
riate by  sulphuric  acid,  and  adding  excess  of  potassa  to  the  sulphate  ; 
a  yellowish  brown  powder  was  obtained,  which  became  nearly  black 
on  being  dried,  and  consisted  of  100  platinum  «f  16.4  oxygen.  (Thom- 
son, Vol.  i.,  p.  501.)  ;  but,  according  to  Mr.  Davy,  the  oxide,  wliich 
h  contained  in  the  salts  of  platinum,  consists  of  platinum  100,  oxygen 
11.8. 
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1308.  (Moridt  tf  Platinum  is  obtained  by  evaporating  the  muriate 
and  exposing  it  pearly  to  a  red  heat.  Its  colour  is  brown,  and  it  ia 
scarcely  soluble  in  water.  It  gives  off  chlorine  by  a  red  heat.  Ac<« 
cording  to  Mr.  Edmund  Davy,  to  whom  we  are  principally  indebted  for 
our  knowledge  of  the  combinations  of  platinum,  {Phil.  Mag,  Vol.  si.) 
it  consists  of  100  platinum  +  37.9  chlorine. 

1309.  Nitro-muriatic  acid  is  the  readiest  solvent  of  platinum.  The 
solution  affords  crystals  which  are  very  deliquescent  and  acrid ;  they 
are  a  muriate  of  platinum.  The  solution  of  this  muriate  is  distinguish- 
ed from  all  other  metallic  solutions  by  affording  a  precipitate  upon  the 
addition  of  muriate  of  ammonia,  which  is  an  am/monio-muriate  of  pkui' 
num.  Ferroeyanate  of  potassa  affords  no  precipitate.  The  addition 
of  potassa  occasions  a  precipitate  of  a  triple  compound  of  the  alcali  and 
muriate.  Sulphuretted  hydrogen  occasions  a  black  precipitate.  £ther 
separates  the  oxide  of  platinum  in  the  same  way  as  that  of  gold.  Mu- 
riate of  tin  occasions  a  very  .characteristic  red  precipitate  in  very  dilute 
solution  of  platinum. 

1310.  There  are,  according  to  Mr.  E.  Davy,  three  sulphureti  ofpla- 
tinwn.  The  first,  formed  by  heating  the  finely-divided  metal  with  sul- 
phur ;  the  seconil ,  by  precipitating  nitro-muriate  of  jdatinum  by  sulphu- 
retted hydrogen ;  and  the  third,  by  heating  3  parts  of  the  ammonio- 
muriate  with  2  of  sulphur. 

1311.  According  to  the  same  authority  there  are  two  phosphurets. 
The  first,  obtained  by  heating  phosphorus  witli  the  metal ;  the  second, 
by  heating  phosphorus  with  the  ammonio-muriate  of  platinum. 

1312.  The  salts  of  platinum  have  been  but  little  examined.  Proust 
and  Davy  have  described  a  sulphate^  obtained  by  acidifying  the  sul- 
phur in  the  sulphuret  by  means  of  nitric  acid.  It  is  of  a  brown  colour, 
and  very  soluble  ;  and  with  soda,  potassa,  and  ammonia,  it  forms  triple 
salts. 

Mr.  £.  Davy  found  that  the  precipitate  by  a  slight  excess  of  ammo- 
nia, when  boiled  in  potassa,  washed  and  dried,  was  a  fulminating  plati* 
num;  it  explodes  at  about  420**,  with  a  very  loud  report,  and  appears 
to  be  a  compound  of  oxide  of  platinum,  ammonia,  and  water. — Phil, 
Trans,  y  1817. 

1313.  A  very  singular  compound  of  platinum  is  described  by  Mr.  E. 
Davy,  in  the  Philosophical  Transactions  (1820,  p.  108),  obtained  by 
mixing  equal  volumes  of  strong  aqueous  solution  of  the  sulphate  and 
of  alcohol.  The  colour  of  the  sulphate  slowly  disappears,  and  in  some 
days  a  black  substance  subtfides,  which  is  wtished  and  dried.  It  is  also 
formed  by  boiling  the  sulphate  and  alcohol  together  fpr  a  few  minutes. 
This  substance  is  permanent  in  the  air  and  insoluble  in  water.  It  de- 
tonates feebly  when  heated,  and  is  not  affected  by  chlorine,  nor  by 
nitric,  sulphuric,  and  phosphoric  acids ;  but  it  is  slowly  soluble  in  mu- 
riatic acid.  Put  into  liquid  anunonia  it  acquires  fulminating  properties, 
and  plunged  into  the  gas  it  becomes  red  hot :  the  same  phaenomenon  is 
exhibited  by  exposing  it  to  the  vapour  of  alcohol,  or  by  placing  it  upon 
a  piece  of  paper  moistened  with  that  fluid  :  in  these  cases  the  platinum 
is  reduced  with  the  evolution  of  heat,  and  the  ignition  seems  to  depend 
upon  tlie  slow  combustion  of  the  vapour  of  the  alcohol,  as  has  been 
filne  where  shown.  (191.)  Froni  Mr.  Davy^s  analysis  of  this  compound, 
it  appears  to  contain  9G.25  platinum,  0. 12  oxygen,  0.0106  carbon  3.6 1 94 
uitric  acid  and  water ;  the  acid  being  derived  from  the  mode  of  prepar- 
ing the  sulphate.  (1312.) 
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1314.  Experimeiitfl  apon  the  componsitioD  of  thevarioin  combina- 
tions of  platinam  are  so  entirely  at  variance  with  theory,  that  in  the 
present  state  of  our  knowledge  it  is  scarcely  possible  to  deduce  the 
namber  for  platinnm. 

If  the  black  oxide,  described  by  Mr.  Cooper,  be  considered  as  a 
protoxide,  the  number  177.7  will  represent  platinum,  and  the  chloride 
(1308)  will  contain  1  proportional  of  platinum  and  2  of  chlorine.  But 
the  peroxide,  the  phosphurets,  and  the  sulphurets,  will  not  accord  with 
this  number. 

1315.  The  alloys  of  platinum  have  not  been  applied  to  any  useful 
purposes.  By  combining  7  parts  of  platinum  with  16  of  copper  and 
1  of  zinc,  Mr.  Cooper  Stained  a  mixture  much  resembling  gold.— - 
Journal  of  Science  and  Arts^  Vol.  iii.,  p.  119. 

1 31 6.  Zinc,  bismuth,  tin,  and  arsenic,  readily  combine  with  platinum, 
and  form  fusible  alloys.  It  also  unites,  tliough  less  readily,  with  cop- 
per, lead,  and  iron.  It  combines  with  gold,  and  unless  there  be  great 
excess  of  the  latter,  the  colour  of  the  alloy  resembles  platinum. 

1317.  If  a  small  piece  of  tin,  zinc,  or  antimony,  be  rolled  up  in  pla- 
tinum leaf,  and  exposed  to  the  jet  of  a  blow-pipe,  the  two  metals  com- 
bine with  such  energy,  when  nearly  white  hot,  as  to  produce  a  kind  of 
explosion.  Iron  and  steel  also  remarkably  increase  the  fusibihty  of 
platinum. 

1318.  The  alloys  of  steel  and  platinum  have  been  examined  by  Sto- 
dart  and  Faraday.  They  combine  in  all  proportions,  but  from  1  to  3 
per  cent,  of  platinum  appears  best  adapted  for  cutting  instruments. 
Equal  weights  of  the  two  metals  produce  a  fine  hard  and  brilliant  alloy 
of  a  specific  gravity  of  9.862  ;  it  appears  well  adapted  for  mirrors,  for 
it  takes  a  fine  polish  and  does  not  tarnish.  An  alloy  of  90  platinum  and 
20  steel  has  a  specific  gravity  of  15.88. 

1319.  Platinum  has  the  property  of  being  united  by  welding,  either' 
one  piece  to  another,  or  with  iron,  or  steel.  Wires  of  steel  and  pla- 
tinum, when  welded  and  polished,  exhibit  a  curious  and  beautiful  sur- 
face, especially  when  the  steel  parts  are  slightly  acted  upon  by  dilute 
acid.  This  welding  property  of  platinum  may  be  usefully  applied  in 
the  arts  ;  rings  may  be  joined  so  as  to  form  a  chain,  the  durability  of 
which  must  add  to  its  value  ;  and  with  a  view  to  economy,  platinum 
msiy  be  joined  to  iron  or  steel  for  many  uses  in  the  laboratory  of  the 
chemist. 


Sectiov  XXXVII.    Silicium. 

1320.  It  has  been  assumed  that  the  earth  silica  consists  of  a  me- 
tallic basis,  united  with  oxygen,  and  that  it  contains  50 per  cent,  of  each 
of  its  components  ;  so  that,  if  the  earth  be  considered  a  deutoxide,  it 
will  consist  of 

16  silicium  H  proportional) 
16  oxygen    (2  proportionals) 
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This  estimate  of  the  composition  of  silica  is  deduced  from  the 
quantity  of  potassium  which  is  required  for  its  decomposition,  but  the 

^^  subject  requires  farther  elucidation. 

^Ih  1321.    Oxide  of  Siliciuniy  Silica^  or  Siliceous  Earthy  is  a  yery  abun- 

dant natural  product.  It  exists  pure  in  rock-crystal,  and  nearly  pure 
in  ilint.  It  may  be  obtained  by  heating  colourless  rock-crystal  to  red- 
ness, quenching  it  in  water,  and  reducing  it  to  a  fine  powder ;  in  this 
state  it  is  silica  almost  perfectly  pure.  Fuse  1  part  of  this  powder 
with  three  of  potassa  in  a  silver  crucible.  Dissolve  the  mass  formed, 
in  water,  add  slight  excess  of  muriatic  acid,  and  evaporate  to  dryness. 
Wash  the  dry  mass  in  boiling  distilled  water  upon  a  filter,  and  the  white 
substance  which  remains  is  silica.  This  is  the  usual  process,  but  the 
earth  obtained  by  simply  reducing  the  colourless  rock-crystal  to  pow- 
der, is  more  pure  ;  for  I  have  never  been  able  to  separate  the  Icwt  per* 
tions  of  alcali  from  silica  precipitated  from  potassa. 

1322.  Silica  is  white  ;  its  specific  gravity  2.66.  It  fuses  at  a  very 
high  temperature.  In  its  ordinary  state  it  is  insoluble  in  water ;  but 
it  dissolves  in  very  minute  portions  in  tliat  fluid,  when  recently  pre- 
cipitated in  the  form  of  gelatinous  hydrate  ;  and  in  the  same  state  it 
dissolves  sparingly  in  the  acids.  It  readily  unites  with  the  fixed  alcalis, 
and  forms  glass ;  or,  if  the  alcali  be  in  excess,  a  liquid  solution  of  the 
earth  may  be  obtained  (/t^uor  silicum),  from  which  it  is  precipitated 
in  the  state  of  a  gelatinous  hydrate  by  acids.  Tliis  alcaline  solution, 
after  having  been  kept  for  sevend  years,  hsis  fonned  small  crystals  of 
•ilica.     I  have  seen  in  it  a  deposit  much  like  calcedony,  and  as  hard. 

1323.  Glass  is  essentially  a  compound  of  silica  with  fixed  alcali,  a 
variety  of  other  substances  being  occasionally  added  for  particular 
purposes,  among  which  oxide  of  lead  is  perliaps  the  most  important. 
The  silica  used  in  the  manufacture  of  glass  is  of  various  degrees  of 
purity;  fine  white  sand  is  generally  employed  in  this  country  ;  flints, 
and  the  white  quartz  pebbles,  abundant  in  some  rivers,  are  also  occa- 
sionally used.  The  alcali  is  eiti^cr  potassa  or  soda  ;  purified  pearlash 
being  preferred  for  fine  glass ;  while  le»s  pure  substances,  such  us 
wood-ash,  barilla,  and  kelp,  are  used  for  common  glass,  where  the  im- 
purities contained  in  those  alcalis  are  of  no  importance.  The  alcali 
is  always  in  the  state  of  carbonate,  but  it  loses  its  carbonic  acid  during 
combination  with  the  silica ;  the  quantity  employed  is  about  half  the 
weiglit  of  the  silica,  but  there  is  some  loss  during  the  process,  by  eva- 
poration. 

A  glass  composed  solely  of  silica  and  alcali  requires  a  very  high  tem- 
perature for  its  perfect  fusion,  and  is  very  difficult  to  work,  so  that  va- 
rious substances  are  added,  with  the  intention  of  forming  a  more  fusible, 
colourless,  dense,  and  transparent  compound ;  oxide  of  lead,  in  the 
form  of  litharge  or  minium,  is  very  efficacious  in  this  respect  ;  it  in- 
creases the  fusibiUty  of  the  compound,  gives  it  greater  tenaciousness 
when  red  hot,  increases  its  refractive  power,  and  enables  it  to  l>ear 
sudden  changes  of  temperature.  It  is  a  copious  ingredient  in  the  Lon- 
don flint  gla^Sj  celebrated  for  its  brilliancy  when  cut,  and  used  for  most 
optical  purposes.  But  lead,  though  it  confers  these  advanUiges,  in  pro- 
ductive of  some  evil ;  it  renders  the  glass  so  soft  as  easily  to  scratch, 
and  so  fusible  that  it  softens  at  a  dull  red  heat,  a  quality  which,  though 
sometimes  desirable,  is  often  disadvantageous  in  its  chemical  applica- 
^ons.     It  is  also  very  difficult  to  obtain  a  mass  of  glass  containing  lead^ 
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of  equal  density  throughout ;  it  is  generally  wavy,  a  defect  especially 
felt  in  selecting  the  object-glasses  of  telescopes. 

Boracic  acid  and  borax  form  an  admirable  flux  for  glass-making,  but 
the  expense  of  those  materials  confines  them  almost  entirely  to  tlie 
manufacture  of  artificial  gems. 

Black  oxide  of  manganese  has  long  been  used  in  glass-making  ;  it  wa« 
formerly  cMedgUui";  soap,  a  term  implying  its  power  of  cleansing  cer- 
tain impurities,  and  especially  the  green  tinge  which  is  apt  to  arise  from 
impure  dcali ;  but  if  it  be  added  at  all  in  excess,  it  communicates  a  pur* 
pie  tinge,  more  or  less  intense  according  to  its  quantity.  This  purple 
hue  is  destroyed  by  charcoal,  or  by  thrusting  a  billet  of  wood  into  the 
^lass-pot,  which  causes  a  slight  effervescence,  and  the  colour  disappears* 
There  can  be  little  doubt  that  the  carbon  acts  by  deoxidizing  tlie  man* 
ganese,  for  if  a  little  nitre  be  added,  the  purple  colour  returns.  Lime 
in  very  small  quantities  (8  or  10  parts  of  chalk  to  100  of  silica),  is 
sometimes  added  to  glass  ;  it  acts  as  a  flux,  but  it  endangers  the  trans- 
parency of  the  compound. 

White  arsenic  is  also  used  as  a  very  cheap  and  powerful  flux  ;  and 
nitre,  in  small  quantities,  is  employed  to  destroy  any  impurities  arising 
from  carbonaceous  matter. 

1324.  The  materials  for  the  manufacture  of  glass  are  submitted  to 
an  operation  called /n'/tin^,  before  they  are  transferred  to  the  regular 
glass-iumace.  It  consists  in  exposing  them  to  a  dull  red  heat,  by  which 
moisture  and  carbonic  acid  are  expelled,  and  a  slight  degree  of  chemical 
action  induced ;  this  also  prevents  the  excessive  swelling  up  of  the  ma- 
terials in  the  glass-pots,  and  renders  the  process  of  vitrification  more 
certiin  and  expeditious. 

The  gluss-pots  are  placed  round  a  dome-shaped  furnace,  built  upon 
arches,  and  open  beneath  for  the  free  admission  of  air ;  there  are  ge- 
nerally six  in  each  furnace,  and  they  are  entirely  enclosed  except  at  au 
orifice  on  the  side,  opening  into  a  small  recess  formed  by  the  alternate 
projections  of  the  masonry  and  the  flues,  in  which  recess  the  workmen 
stand.  Coal  is  the  fuel  employed,  and  the  furnace  is  so  built  that  a  ra- 
pid current  of  flame  may  be  directed  round  each  glass-pot,  which  af- 
terwards passes  out  with  the  smoke  into  the  dome  and  chimney,  heating 
a  broad  covered  shelf  in  its  passage,  which  is  the  annealing  oven. 

In  the  construction  of  the  furnace  and  pots  the  greatest  care  is  re- 
quired ;  especially  in  the  latter,  which  have  not  only  to  resist  long- 
continued  heat,  but  also  as  far  as  possible,  the  action  of  ingredienti^ 
which  tend  to  accelerate  their  fusion  or  vitrification.  They  are  usual- 
ly made  entirely  of  a  refractory  clay,  one  portion  being  crude  or  un- 
burnt,  and  another  calcined  and  powdered  ;  the  latter  being  the  re- 
mains of  former  furnaces  when  pulled  down  for  repairs. 

The  frit  is  introduced  into  the  glass-pots  through  the  side-opening 
above-mentioned,  and  being  heat^  to  bright  redness,  becomes  of  a 
pasty  consistency,  and  at  length  perfectly  fuses.  A  quantity  of  impuri- 
ties subside  to  the  bottom  of  the  pot,  and  partly  rise  to  its  surface. 
The  scum,  known  under  the  name  of  sandiver,  consists  chiefly  of  sa^ 
line  substances,  partly  volatile  at  the  high  temperature  of  the  furnace, 
which  are  removed  from  time  to  time,  and  sold  to  metal  refiners  as  u 
powerful  flux.  The  sandiver  or  glass  gall  being  separated,  the  mate 
rials  gradually  become  clearer,  abundance  of  air-bubbles  are  extricat- 
f!^.  and  at  length  die  glass  appears  uniform  and  complete  ;  the  fire 
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roond  the  individual  pot  is  then  damped  till  its  contents  acqnii 
siatency  fit  for  working,  the  whole  procesn  requiring  about  A 
from  the  time  the  pots  are  filled.  At  the  working  heat,  whicl 
red,  the  gloss  has  a  rery  peculiar  tenacious  consistency,  and 
hcres  but  feebly  to  polished  metal,  it  is  easily  wrought  and 
with  iron  tools. 

1325.  All  glass  articles  require  to  be  carefully  anntaUd^ 
suffered  to  cool  very  slowly,  otherwise  they  are  remarkably  bi 
apt  to  crack,  and  even  fly  into  many  pieces  upon  the  slighc^st 
any  hard  substance,  as  is  well  shown  in  the  small  drops  of  gn 
suddenly  cooled  by  dropping  it  into  water,  and  called  Rupen' 
the  instant  their  thin  end  is  broken  off,  they  cnimble  into  a  pow 
a  kind  o£  explosion.  This  phenomenon,  according  to  Mr 
**  depends  upon  some  permament  and  strong  inequality  of  p 
for  when  they  are  heated  so  red  as  to  be  soft,  and  merely  le 
themselves,  the  property  of  bursting  is  lost,  and  the  specific  gi 
the  drop  increased."  Whnt  are  termed  Bologna  phiaU  are  al 
of  unannealed  glass,  and  fly  to  pieces  when  a  piece  of  flint  ( 
hard  and  angular  substance  is  dropped  into  them. 

1326.  The  exact  composition  of  the  different  kinds  of 
scarcely  known  ;  the  following  proportions  of  the  materials  ar 
ever,  given  in  Messrs.  Aikin's  Dictionary,  to  which  the  reader 
red  for  a  very  valuable  article  upon  the  subject  of  gla«ff,  u 
which  I  have  abridged  the  preceding  account. 

Flint  Glass,    Specific  gravity  about  3.S. 
]  20  parts  of  fine  clear  white  sand 

40 purified  pearlash 

36 litharge  or  minium 

13 nitre 

A  small  quantity  of  black  oxide  of  manganese. 

Crown  Glass  or  best  window  glass. 

200  parts  of  soda 

300 fine  sand 

33 lime 

250     ^         ground  fragments  of  *la?s. 

Green  Bottle  Glass, 
100  parts  of  sand 

30 coarse  kelp 

160 lixiviated  earth  of  wood-ashe? 

30  ^__  fresh  wood-ash 

80  ^— —  brick  clay 
loo fragments  of  glass. 

P/arcG/cM.  invented  by  Abraham  Thevart  in  1C88,  wae  first 
idctured  in  Paris.     It  may  be  composed  of 

300  lbs.  fine  sand 
200  lbs.  soda 

30  lbs.  lime 

3i  oz.  manganese 
3  oz.  cobalt  azui*e 
300  lbs.  fragments  of  good  gla««. 
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These  materials  are  brought  into  perfect  fusion,  and  poured  upon  a 
bot  copper-plate,  the  mass  is  then  rolled  out,  annealed,  and  afterwards 
polished  by  grinding  with  sand,  emery,  and  colcothar.  The  difficulty 
of  producing  a  perfect  plate  without  specks,  bubbles,  or  waves,  may 
easily  be  conceived,  and  this,  with  the  risk  of  breakage,  renders  a 
krge  plate  extremely  expensive. 

1327.  The  art  of  colouring  glass,  and  of  making  artificial  gems ^  is 
of  an  old  date,  and  effected  by  metallic  oxides.  The  paste  for  artificial 
gems  generally  contains  borax,  and  should  be  kept  in  fusion  till  per* 
fectly  clear.  The  following  proportions  are  recommended  by  M,  Dou- 
atalt-Wieland. — Annales  de  Chim.  et  Phys.,  Tom.  xix.,  57. 

Grains. 

Powdered  rock-crystal 4056 

Red  lead 6300 

Pure  potassa 2154 

Borax 276 

Arsenic 12 

M.  LanQon  gives  the  following  as  ingredients  for  a  good  paste  : — 

Omint. 

Litharge 100 

White  sand 76 

White  tartar  or  pot-ash  ....       10 

1328.  The  metals  employed  as  colouring  materials  are:  1.  Gold. 
The  purple  of  Cassius  imparts  a  fine  ruby  tint  2.  Silver.  Oxide  or 
phosphate  of  silver  gives  a  yellow  colour.  3.  Iron.  The  oxides  of 
iroQ  produce  green,  yellow,  and  brown,  depending  upon  the  state  of 
oxidizement  and  quantity.  4.  Copper.  The  oxides  of  copper  give  a 
rich  green  ;  they  also  produce  a  red  when  mixed  with  a  small  propor- 
tion of  tartar,  which  tends  partially  to  reduce  the  oxide.  5.  Antimony 
imparts  a  rich  yellow.  6.  Manganese.  The  black  oxide  of  this  me- 
tal, in  large  quantities,  forms  a  black  glass ;  in  smaller  quantities,  various 
shades  of  purple.  7.  Cobalt,  in  the  state  of  oxide,  gives  beautiful 
blues  of  various  shades  ;  and  with  the  yellow  of  antimony  or  lead  it 
produces  green.  8.  Chrome  produces  fine  greens  and  reds,  depend- 
ing upon  its  state  of  oxydizement. 

The  following  are  the  best  authorities  upon  the  subject  of  coloured 
glasses  and  artificial  gems  : — Neri,  Art  de  la  Verrerie.  Kunckel. 
FoNTANiEU,  Encyclopidie  Methodique,  Annales  de  Oiim,  et  Phys.,  xiv. , 
67.  Aikin's  Dictionary^  Art.  Glass. 

]  329.  fVhite  Enamel  is  merely  glass,  rendered  more  or  less  milky  or 
opaque  by  the  addition  of  oxide  of  tin  ;  it  forms  the  basis  of  the  colour- 
ed enamels,  which  are  tinged  with  the  metallic  oxides. 

1330.  The  only  acid  bc^y  which  acts  energetically  upon  silica  is  the 
hydrofluoric  acid  (618.)  The  result  of  this  action  is  a  gaseous  com- 
pound, which  has  been  called  silicaied  fluoric  acid,  OTfiuO'Silicic  acid  ; 
it  is  probably  a  compound  of  silicium  and  fluorine. 

1331.  To  obtain  this  gaseous  compound,  three  parts  of  fluor  spar, 
and  one  of  silica  finely  powdered,  are  mixed  in  a  retort  with  an  equal 
weight  of  sulphuric  acid ;  a  gentle  heat  is  applied,  and  the  gas  evolr^ 
ed  is  tt)  be  collected  over  mercury. 
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When  heated,  it  loses  water  of  crystallization  and  a  part  of  its  acid, 
and  becoiiios  a  white  spongy  mass.  In  its  crystalline  form  it  consists, 
according  to  some  recent  experiments  made  by  Mr.  R.  Phillips,  of 

Sulphate  of  alumina 1 23.00 

Bi-sulphate  of  potassa 119.32 

Water 187.00 


429.32 


Mr.  Phillips  adopts  the  number  24  as  the  representative  of  alamina, 
and  considers  alum  as  a  compound  of  2  proportionals  of  sulphate  of 
alumina,  1  of  bi-sulphate  of  potassa,  and  22  of  water.  These  propor- 
tions, therefore,  would  be 

Bi'^sulphate  of  potassa =  128 

Sulphate  of  alumina    .  .  61.5  X    2  =s  123 
Water 9.    X  22  =  198 
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1341.  When  alum  is  exposed  to  an  intense  heat,  it  loses  water,  and 
a  portion  of  acid ;  but  the  whole  of  the  acid  cannot  be  expelled.  It 
becomes  light  and  spongy ;  and  in  this  state  is  called  in  the  Pharmaco- 
msia,  Alwnen  ustum^  or  exnccatum.  If  alum  contain  excess  of  potassa 
it  forms  cubic  crystals,  and  is  known  under  the  name  of  cubic  alum. 
Some  varieties  of  alum  contain  ammonia. 

1342.  When  alum  is  ignited  with  charcoal,  a  spontaneously  inflam- 
mable  compound  results,  which  has  long  been  known  under  the  name 
of  Homberg^s  pyropltorus.  The  potassa  appears  to  be  decomposed  in 
this  process,  along  with  the  acid  of  the  alum,  and  pyrophorus  is  proba- 
bly a  compound  of  sulphur,  charcoal,  and  potassium,  with  alumina. 

Pyrophorus  is  most  successfully  prepared  by  the  following  process. 
Mix  equal  parts  of  honey,  or  of  brown  sugar  and  powdered  ^^^9  in  an 
iron  ladle,  melt  thi*  mixture  over  •->  «*•«,  «*««J  kx,^^*  u  stirred  till  dry : 
reduce  the  dry  mass  to  powder,  and  introduce  it  into  a  common  phial 
coated  with  clay,  and  placed  in  a  crucible  of  sand.  Give  the  whole  a 
red  heat,  and  when  a  blue  flame  appears  at  the  neck  of  the  phial,  allow 
it  to  bum  about  five  minutes,  then  remove  it  from  the  fire  ;  stop  the 
phial,  and  allow  it  to  cool,  taking  care  that  air  cannot  enter  it. 

1343.  Alum  is  of  extensive  use  in  the  arts,  more  especially  in  dye- 
ing and  calico-printing,  in  consequence  of  the  attraction  which  alumina 
has  for  ooluring  matter. 

1344.  A  triple  sulphate  of  alumina  and  soda  is  described  in  the  Qtuxr- 
ierly  Journal  of  Science  and  Arts^  (viii.  386.)  in  the  form  of  irregular 
efflorescent  octoedra  :  it  appeal's  to  contain 

2  proportionals  sulphate  of  alumina  61.5  X  2  =  123 

I  hi -sulphate  of  soda =  112 

28  water 9.    X28  =  262 
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1345.  The  remaining  salts  of  alumina  with  the  exception  of  the 
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vcetate,  which  remains  to  be  described,  are  of  little  importance ;  what 
is  known  respecting  them  is  fnlly  detailed  by  Dr.  Thomson* — (System, 
Vol.  ii.,  p.  510. 

1346.  Under  the  term  corundum  certain  mineral  substances  have 
lieen  included,  composed  of  alumina,  nearly  pure. 

i.  Perfect  corundum  occurs  crystalhzed  in  six-sided  prisms,  transpa- 
rent and  colourless.  Its  specific  gravity  is  about  4.  When  blue,  it 
constitutes  the  sapphire ;  when  red,  the  ruby;  when  yellow,  the  ort- 
ental  topaz^  or  chrysolite.  These  gems  are  principally  found  in  alluvial 
deposits.  They  are  mostly  procured  from  Ceylon  and  Pegu  ;  they 
•    have  also  been  found  in  France  and  in  Bohemia. 

ii.  Imperfect  corundum,  or  CLdamaiUine  spar  vad  emery,  are  nearly  an- 
alogous in  composition  to  the  former ;  they  contain  from  3  to  5  per 
cent,  of  silica  and  1  to  2  of  oiude  of  iron. 

iii.  Spinelle  or  balass  ruby^  is  found  in  octoedral  crystals,  of  a  red  co- 
lour. It  is  composed  of  74.6  alumina,  16.5  silica,  3.25  magnesia,  1.5 
oxide  of  iron,  and  traces  of  lime  and  oxide  of  chrome.  The  ceylanite 
or  pleonaste,  is  a  variety  of  Spinelle.  A  variety,  containing  oxide  of 
zinc,  is  called  zinc  spinelle,  or  automalite, 

iv.  The  mineral,  called  Wavellite,  or  hydrargiUite,  is  a  compound  of 
alumina^  phosphoric  acid,  and  water.  It  is  round  in  Devonshire,  in 
small  radiated  nodules  upon  clay-slate.  According  to  BerzeUns,  (An- 
nales  de  Ckim.  et  Phys.,  Tom.  xii.)  100  parts  afford 

Alumina 35.35 

Phosphoric  acid 33.40 

Fluoric  acid 2.06 

Lime 0.50 

Oxides  of  iron  and  manganese  1.25 

Water 26.80 


99.36 


V.  The  occidental  topaz,  found  chiefly  in  Saxony,  Siberia,  Brazil,  and 
Scotland,  consists  of  alumina,  silica,  and  fluoric  acid.  The  si^orlous 
beryl  or  pycniie,  and  the  pyrophysalite,  are  nearly^of  the  same  compo* 
sition. 

vi.  Cryolite,  a  rare  substance  hitherto  only  found  in  Greenland,  con- 
sists of  alumina,  soda,  and  fluoric  acid.  It  is  white,  amorphous,  and 
translucent. 

vii.  A  mineral,  called  native  alumina,  is  found  upon  the  Sussex  coast, 
near  New-haven.  It  is  white  and  friable,  and  occurs  massive  and  in- 
crusting.     It  contains  alumina  and  sulphate  of  lime. 

1347.  A  very  numerous  and  important  class  of  minerals  consists  of  a 
combination  of  silica  with  alumina,  in  various  proportions,  and  with 
the  occasional  addition  of  the  fixed  alcalis  or  aloaline  earths,  and  a  few 
of  the  other  metallic  oxides  :  the  principal  of  these,  which  are  not 
elsewhere  mentioned,  are  the  following : 

i.  Zeolite, — Of  this  mineral  there  are  several  varieties.     The  prin- 
cipal are  the  radiated  or  mesotype  ;  the  nacreous  or  stilbiie;  the  efflo- 
rt scent  or  laumonite  ;  and  the  cubic  or  analcime.     These  nw**** 
and  intumetsre  before  the  blow-pipe,  and  mostly  fonn  g^ 


320  SlLICO^MAOirCSIAN  MlffERALS. 

xvi.  Lyanitt  is  of  a  bkie  and  grey  colour,  translucent,  and  occurs 
massive  and  prismatic.     It  consists,  according  to  Klaproth,  of 

Alumina 55.5 

Silica 43.0 

Oxide  of  iron 0.5 

xvii.  Lepidolite  occurs  massive,  and  of  a  purplish  colour  and  lamel- 
lar texture.    According  to  Klaproth,  it  contains 

Silica 54.5 

Alumina 38.25 

Potassa 4. 

Oxide  of  iron  and  manganese  .      0.75 

xviii.  Acttnolite  is  of  a  green  colour,  and  generally  occurs  in  aggre- 
gated masses  of  prismatic  crystals.     It  contains 

Silica 50.      ' 

Lime 0.7 

Magnesia   • 19.2 

Alumina 0.7 

Oxides  of  chrome  and  iron  .  •  8. 

xiz.  Tremolite  is  nearly  white,  fibrous  and  semi-transparent.  It 
contains 

Silica 62 

Lime 14 

Magnesia 13 

Oxide  of  iron 6 

XX.  A8he$tot  is  a  soft  fibrous  flexible  mineral,  of  a  white  or  greenish 
tint,  composed  of 

Silica 60 

Magnesia 30 

Lime 6 

Alumina 4 

Amianthus,  mountain  cork,  and  mountain  wood,  are  varieties  of  asbes* 
tos. 

xxi.  Lapis  lazuli  consists  of 

Silica 46 

Carbonate  of  lime 28 

Alumina 14 

Sulphate  of  lime 6.5 

Oxide  of  iron  and  water   ....  5 

The  blue  colour  is  probably  derived  from  some  principle  which  has 
hitherto  escaped  analysis.  It  is  prepared  for  painters  under  the  name 
of  ultra-marine. 

xxii.  Harmotome,  Staurolite,  or  Cross-stone,  occurs  in  small  quadrangu- 
lar prisms  terminated  by  four  rhombic  planes,  crossing  each  other.  It 
is  also  fyxifiA  ifx  sio^e  crystab.    It  is  found  at  Andpeasberg,  in  the 
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HftTts,  and  at  Strontian,  in  Scotland.    It  consists,  according  to  Kla- 

fTOth,  of 

Silica 49 

Alumina 16 

Baryta 18 

Water. 16 

jodii.  Augite  is  a  mineral  of  a  black  or  brownish  gre^n  colour,  found 
in  volcanic  products,  and  in  some  basalts.  Sahlite  and  coccolite  are  \a« 
ritieai  of  augite.     It  is  composed  of 

Silica 62 

Lime •  :  .  .  .  13 

Oxide  of  iron  and  manganese  1 6 

Magnesia 10 

Alumina    . 9 

sXxT.  Datholite  is  a  combination  of 

Silica 38 

Lime 34 

Boracic  acid 22  0 

Water 4 

It  has  only  been  found  in  Norway. 

1348.  Under  the  term  Clay  is  comprehended  a  variety  of  mixtures 
•f  silica  and  alumina,  more  or  less  pure,  and  characterized  by  a  pecu- 
liar plasticity  in  their  moist  state.  The  following  are  the  principal 
varieties. 

1.  Porcelain  Clay^  derived  principally  from  the  decomposition  of 
feldspar,  and  containing  silica  and  alumina,  sometimes  with  traces  of 
oxide  of  iron ;  it  is  very  difficult  of  fusion.  2.  Marly  Clay,  which, 
with  silica  and  alumina,  contains  a  portion  of  carbonate  of  lime  ;  it  is 
much  used  in  making  pale  bricks,  and  as  a  manure,  and  when  highly 
heated  enters  into  fusion.  3.  Pipe  Clay^  which  is  very  plastic  and  te- 
nacious, and  requires  a  hieher  temperature  than  the  preceding  for  fu- 
sion ;  when  burned  it  is  oi  a  cream  colour,  and  used  for  tobacco-pipes 
and  white  pottery.  4.  Pottert^  C^y,  is  of  a  reddish  or  grey  colour, 
and  becomes  red  when  heated  ;  it  fuses  at  a  bright  red  heat :  mixed 
with  sand  it  is  manu&ctured  into  red  bricks  and  tiles,  and  is  also  used 
fbr  coarse  pottery. 

1 349.  The  better  kind  o( pottery,  called  in  this  country  Staffordshire 
ware,  is  made  of  an  artificial  ndxture  of  alumina  and  silica  ;  the  former 
obtained  in  the  form  of  a  fine  clay,  from  Devonshire  chiefly ;  and  the 
latter  consisting  of  chert  or  flint,  which  is  heated  red-hot,  quenched  io 
water,  and  then  reduced  to  powder;  Each  material,  carefully  pow- 
dered and  sifted,  is  diffused  through  water,  mixed  by  measure,  and 
brought  to  a  due  consistency  by  evaporation :  it  is  then  highly  plastic, 
and  formed  upon  the  potter's  wheel  and  lathe  into  various  circular  ves- 
sels, or  moulded  into  other  forms,  which,  after  having  been  dried  in  a 
warm  room,  are  enclosed  In  baked  clay  cases  resembling  bandboxes, 
and  called  teggan :  these  are  ranged  in  the  kiln  so  as  neariy  to  fill  it, 
teaviag  only  ispace  emNtgh  fyr  the  fuel ;  here  the  ware,  is  kmg^  fir' 

A  A 


322  CRUCIBLES. 

for  a  considerable  time,  and  than  brought  to  the  state  of  biscuit.  This 
is  afterwards  glazed,  which  is  done  **  bj  dipping  the  biscuit  ware  into 
a  tub  containing  a  mixture  of  about  60  parts  of  litharge,  10  of  clay,  and 
20  of  ground  flint,  di£fused  in  water  to  a  creamy  consistence,  and  wheo 
taken  out  enough  adheres  to  the  piece  to  give  an  oniform  glazing  when 
again  heated.  The  pieces  are  then  again  packed  up  in  the  seggars, 
with  small  bits  of  pottery  interposed  between  each,  and  fixed  in  a  kiln 
as  before.  The  glazing  mixture  fuses  at  a  very  moderate  heat,  and 
gives  an  uniform  glossy  coating,  which  finishes  the  process  when  it  la 
intended  for  common  white  ware.'^-^i^V^  Dictionary.  Art  Pot- 
tery. 

1350.  The  patterns  upon  ordinary  porcelain,  which  are  chiefly  in 
blue,  in  consequence  of  the  facility  of  applying  cobalt,  are  generally 
printed  ofi*  upon  paper,  which  is  applied  to  the  plate  or  other  article 
while  in  the  state  of  biscuit,  and  adheres  permanently  to  the  surfice 
when  heat  is  properly  applied. 

1351 .  The  manufacture  of  porcelain  is  a  most  refined  branch  of  art ; 
the  materials  are  selected  with  the  greatest  caution,  it  being  necessary 
that  the  compound  should  remain  perfectly  white  afler  exposure  to 
heat :  it  is  also  required  that  it  should  endure  a  very  hi^  temperature 
without  fusing,  and  at  the  same  time  acquire  a  semiTitreous  texture  and 

•  a  peculiar  degree  of  translucency  and  toughness.  These  qualities  are 
united  in  some  of  the  oriental  porcelain,  or  China^  and  in  some  of  the 
old  Dresden,  but  they  are  rarely  found  co-exiatent  id  that  of  modem 
European  manufacture.  Some  of  the  French  and  Eng^h  porcelain, 
especially  that  made  at  Sevres  and  at  Worcester,  is  extremely  white 
and  duly  translucent,  but  it  is  more  apt  to  crack  by  sudden  changjes  of 
temperature ;  more  brittle,  and  consequently  reqiuires  to  be  formed  into 
thicker  and  heavier  vessels ;  and  more  fusible  than  the  finest  porce- 
lains of  •'apan  and  China. 

1 352.  The  colours  employed  in  painting  porcelain  are  the  same  me- 
tallic oxides  enumerated  for  colouring  glass,  and  in  all  the  more  deli- 
cate patterns  they  are  laid  oa  with  a  camel-hair  pencil,  and  generally 
previously  mixed  with  a  little  oil  of  turpentine.  Where  several  co- 
lours are  used,  they  often  require  varioua  temperatures  for  their  per- 
fection, in  which  case  those  that  bear  the  highest  heat  are  first  applied, 
and  subsequently  those  which  are  brought  out  at  lower  temperatures. 
This  art  of  painting  on  porcelain  or  in  enamel  is  of  the  most  delicate 
description ;  much  experience  and  skill  are  required  in  it,  and  with 
every  care  there  are  frequent  failures  ;  hence  it  is  attended  with  con- 
siderable expense.  The  gilding  of  porcelain  is  generally  performed 
by  applying  finely -divided  gold  mixed  up  with  gum-water  and  borax ; 
upon  the  application  of  heat  the  gum  bums  off,  and  the  borax  vitrify- 
ing upon  the  surface  causes  the  gold  firmly  to  adhere ;  it  is  afterwards 
burnished. 

1353.  In  the  manufacture  of  various  kinds  of  pottery  employed  in 
the  chemical  laboratory,  and  especially  in  regard  to  crucibles,  many  dif- 

^  ficulties  occur  ;  and  many  requisites  are  necessary  which  cannot  be 

united  in  the  same  vessel :  to  the  late  Mr.  Wedgwood  we  are  in- 
debted for  vast  improvements  in  this  as  well  as  in  other  branches  of  the 
art 

Crucibles  composed  of  one  part  of  pure  clay  mixed  with  about  three 
parts  of  coarse  aidpure  sand,  slpwly  dried  and  annealed,  resist  a  very 


fugh  temperature  without  fusion,  and  gencratly  retnm  metallic  smbatan- 
cea  ;  but  where  the  metals  are  suffered  to  oxidize,  there  are  few  which 
do  not  act  upon  any  eHrlhen  vessel,  and  some  cause  iw  rapid  fusion,  as 
the  oxides  of  lead,  biamutb.  ire.  Where  saline  fluxes  are  used,  the 
best  crucibles  will  always  suffer,  but  platinum  raiiy  often  be  employed 
in  these  cases,  and  the  chemist  is  thus  enabled  lo  combat  many  dilficul- 
lies  which  were  nearly  insurmouotuble  before  this  metal  was  thus  up- 

Whenever  siliceous  and  alnminoua  earllis  arc  blended,  as  in  (he 
miiture  of  clay  and  sand,  the  compound  softens,  and  the  vessel  loses 
its  shape  when  eK|>osed  to  a  long-continued  white  heat,  nnd  this  ni  the 
case  with  the  Hcssiaa  crucibles  ;  consequently,  the  most  lefractory  of 
all  vessels  are  those  made  entirely  of  clay,  ro.irsely- powdered  burned 
clay  being  used  as  a  substitute  for  the  sand.  Such  a  compound  resists 
the  action  of  aaline  Buses  longer  than  any  other,  and  is  therefore  used 
for  the  pots  in  glass  furnaces.  A  Hessian  crucible  lined  with  purer 
clay  is  rendered  much  more  retentive  ;  and  a  thin  china  cup  or  other 
dense  porcelain  resists  the  action  of  saline  matters  in  fusion  for  a  con- 
siderable time. 

Plumbago  is  a  very  good  material  for  crucibles,  and  applicable  to 
many  purposes  :  when  mixed  with  clay  it  forms  an  infusible  compound 
and  is  protected  from  the  action  of  the  air  at  high  temperatures  ;  it  is 
well  calcnlated  for  small  taUe  furnaces.  Wrought-iroa  crucibles  are 
used  for  the  fusion  of  several  metallic  substances  which  melt  at  a  bright 
red  heat. 

1354.  Under  the  term  /.«(«  a  variety  of  compounds  are  used  by 
the  practical  chemist  for  the  purpose  of  securing  the  junctures  of 
vessels  or  protecting  them  from  the  action  of  heat.  iSlips  uf  netted 
tdadder,  linseed  meal  made  into  a  paste  with  gum-water,  white  of 
egg  and  quicklime,  glaziers'  putty  which  consists  of  chalk  and  linseed 
oil  ;  and/a(  lute  composed  of  pipe  clay  and  drying  oil  well  beaten  to  a 
stiff  mass,  are  very  useful  lutes  for  retaining  fumes  and  vapours  and 
joining  vessels  to  each  other,  but  earthy  compounds  are  rer^uircd  to 
withstand  the  action  of  a  high  temperature. 

Windsor  loam,  or  an  artiticial  mixture  of  clay  and  sand  well  beaten 
into  a  stiff  paste,  and  then  thinned  with  water  and  applied  by  a  brush 
in  auccesBiTe  layers,  to  retorts,  lubes,  gun-barrels,  ^c,  enables  them 
to  bear  a  very  high  temperature  ;  if  a  thick  coating  is  required,  great 
care  should  be  taken  that  the  cracks  are  filled  up  as  it  dries,  and  often 
a  liltle  tow  mixed  up  with  the  lute  renders  it  more  permanent  and  ap- 
plicable. If  the  lute  is  intended  lo  vitrify,  as,  for  instance,  to  prevent 
the  porosily  of  earthenware  at  high  temperatures,  a  portion  of  boras 
or  of  red  lead  may  be  mixed  up  with  it. 

1355.  .Morfar,  or  the  cement  used  in  building,  is  a  compound  of  se- 
veraleartby  substances,  one  of  which  is  always  lime  :  for  much  valu- 
able inforraatioa  relating  to  this  important  subject  we  are  indebted  to  the 
late  Mr.  Smeaton  [Histori/of  the  Eddytlone  Ltghthovu),  and  an  excel- 
lent summary  of  the  principal  facts  connected  with  it  will  be  found  in 
Aikin's  Dictianary,  (Art.  Cekents.)  The  ordinary  mode  of  making 
mortiir  consists  in  mixing  a  quantity  of  common  sand  with  slacked  lime, 
without  any  careful  attention  lo  the  quantity  or  pnrity  of  the  maieriala  ; 
but  it  has  been  shown  by  Mr.  Beaton,  that  the  presence  of  unbornt 
I'lay  prevents  the  induration  of  the  mortar,  and  the  sand  used  in  Lon- 
d'ln  always  contain'  it  ;  the  lime  too  i«  often  imperfectly  bv_ 
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seldom  duly  selected ;  duit  which  contains  a  poHjon  of  alumiiMi'stil 
oxide  of  iron  being  preferable  to  the  purer  varietiefl ;  hence  the  ad* 
vantage  of  Dorking  lime,  or  meager  lime^  as  it  is  usually  called.  The 
sand  should  be  sharp  and  large  grained,  and  perfectly  free  firom  aalt, 
which  always  prevents  the  mixture  from  becoming  hard.  The  addition 
of  calcined  ferruginous  clay,  or  calcined  basalt,  or  black  oxide  of  iron, 
g^ves  mortar  the  property  of  becoming  hard  under  water« 

The  mutual  action  which  the  substances  constituting  the  different 
kinds  of  mortar  undergo,  has  hitherto  been  but  imperfectly  examined 
by  the  chemist ;  to  M.  Vicat  we  are  indebted  for  a  curious  and  impor- 
tant series  of  investigations  upon  this  subject,  and  his  work  may  be  con- 
sulted with  much  advantage,  by  those  who  are  concerned  in  investiga- 
tions of  this  nature. — Recherchei  Elxpirimentales  eur  les  Chaux  de  Cbn- 
etructiofiy  les  BitonSy  et  les  Martiers  ordinaires.     Paris,  1818. 


Section  XXXIX.     Zirconium* 

1356. .  The  earth  zircon^  or  the  oxide  of  zirconium^  is  a  white  insipid 
substance  ;  specific  gravity  4.3  ;  it  is  found  in  the  zircon  or  jargon  of 
Ceylon.  It  is  characterized  by  insolubility  in  pure  alcalfs,  but  is  solu- 
ble in  alcaline  carbonates.  Its  combinations  with  the  acids  are  of 
difficult  solubility  or  insoluble,  and  have  been  very  litde  inquired  into. 

i.  The  zircon,  or  jargon^  is  a  mineral,  usually  of  a  grey  yellowish, 
or  reddish-brown  colour,  crystallized  in  octo^rons  and  four-sided 
prisms,  and  generally  semi-transparent. 

ii.  Zirconia  is  contained  in  the  hyacinth,  which  is  also  found  in  Cey- 
lon, and  in  various  parts  of  Europe.  Its  usual  colour  is  red  or  reddish, 
and  its  crystals  small  flattened  octoedra,  or  four-sided  prisms.  These 
minerals  contain  about  10  per  cent,  of  zirconia  each,  the  remainder  be- 
ing silica,  with  a  trace  of  oxide  of  iron. — Klaproth^s  BeitragCy  Vol.  i., 
pp.  222  and  231. 

1357.  Zirconia  is  obtained  by  the  following  process  : 
Moac  of  ob-  Reduce  the  stone  to  a  fine  powder,  having  previously  heated  it  to  red- 
"'*^*  ness,  and  quenched  it  in  water.  Mix  the  powder  with  nine  times  its 
weight  of  pure  potassa,  and  gradually  project  it  into  a  red-hot  silver 
crucible,  and  keep  it  in  perfect  fusion  for  two  hours.  When  the  cru- 
cible has  cooled,  reduce  the  mass  to  a  fine  powder,  and  boil  it  in  distil- 
led water.  Boil  the  undissolved  residue  in  muriatic  acid  ;  filter,  and 
evaporate  to  dryness ;  re-dissolve  the  dry  mass  in  distilled  water,  and 
precipitate  by  carbonate  of  soda.  The  carbonate  of  zirconia  whjch  falls 
may  be  decomposed  by  heat. 

The  following  method  of  obtaining  pure  zirconia  is  recommended 
by  M.  M.  Dubois  and  Silveira. — Annates  de  Chim,  et  Phys.,  xiv.  1 10 : 

Powder  the  zircons  very  fine,  mix  them  with  two  parts  of  pure  po- 
tassa, and  heat  them  red-hot  in  a  silver  crucible  for  an  hour.  Treat 
the  substance  obtained  with  distilled  water,  pour  it  on  a  filter,  and 
wash  the  insoluble  part  well ;  it  will  be  a  compound  of  zirconia,  sili- 
ca, potassa,  and  oxide  of  iron.  Dissolve  it  in  muriatic  acid,  and  eva- 
porate to  dryness,  to  separate  the  silica.  Re-dissolve  the  muriates  of 
zirconia  and  iron  in  water  ;  and  to  separate  the  zirconia  which  adheres 
to  the  silica,  wash  it  with  weak  muriatic  acid,  and  add  it  to  the  solution. 
Filter  the  fluid  and  precipitate  the  zirconia  and  iron  by  pure  ammonia  4 
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wash  the  precipilates  well,  aad  then  treat,  the  hydrates  with  oxalic 
acid,  boiliog  them  well  together,  that  the  acid  may  act  od  the  iron, 
retaining  it  in  solution  whilst  an  insoluble  oxalate  of  zirconia  is  form- 
ed, it  is  then  to  be  filtered,  and  the  oxalate  washed,  until  no  iron  can 
be  detected  in  the  water  that  passes.  The  earthy  oxalate  is,  when  dry, 
of  an  opaline  colour  ;  after  being  well  washed,  it  u  to  be  decomposed 
by  heat  in  a  platinum  crucible.  Thus  obtained,  the  zirconia  is  perfect- 
ly pure,  but  is  not  affected  by  acids.  It  must  be  re-acted  on  by  po- 
tassa  as  before,  and  then  washed  until  the  alcali  is  removed.  After- 
wards dissolve  it  in  muriatic  acid,  and  precipitate  by  ammonia.  The 
hydrate  thrown  down,  when  well  washed,  is  perfectly  pure,  and  easily 
soluble  in  acids. 

1358.  The  composition  of  zirconia  has  bee.n  estimated  by  Sir  H. 
Davy  {Elements  of  Chemical  Phil.  p.  361.)  at 

37.  zirconium 
8    oxygen. 
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Section  XL.    G/tfctniim. 

1359.  The  earth  glucina  was  discovered  by  Vauquelin  in  the  beryl : 
it  also  exists  in  the  emerald  of  Peru.  It  is  white  and  insipid ;  its  spe- 
cdfic  gravity  =  2.97.  It  dissolves  in  caustic  potassa  and  soda,  and  thus 
resembles  alumina,  but  differs  from  yttria.  Again  it  differs  from  alu- 
mina, but  resembles  yttria,  in  being  soluble  in  carbonate  of  ammonia ; 
it  is  much  more  soluble  in  this  solution  than  yttria.  With  the  acids 
it  forms  saline  compounds  of  a  sweetish  astringent  taste. 

*i.  The  beryl  is  found  in  primitive  rocks  in  many  parts  ^  the  world, 
but  especially  fine  in  Siberia.  It  is  usually  transparent,  and  pale 
green  or  blue.     It  crystallizes  in  six-sided  prisms. 

ii.  The  emerald  is  principally  found  in  Peru,  crystallized  in  regular 
six-sided  prisms,  the  edges  or  angles  of  which  are  sometimes  replaced 
by  facets.  Its  colour  is  green,  and  it  is  either  transparent  or  translu- 
cent. The  following  are  their  components  parts. — Vauquelin,  Journal 
//c5  Mines,  No.  xxxvi,  and  No.  xliii : 


Silica 

68 

Alumina 

Glucina . 

Oxide  of  Chrome  .  . 

Oxide  of  iron 

Lime 

15 
14 

1 
2 

Water 

..... 


1.5 

2 

100  100 

lii.  Glucina  is  also  found  in  the  euclase^  a  very  scarce  Peruvian  mi* 
ncraK  composed,  according  to  Berzelius,  of 

Silica  ^ 44.33 

Alumina 31.83 

Glucina 23.84 

loe.oo 
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1360.  To  ohtain  gludna  from  either  of  these  minerab,  proceed  as 
follows  : — ^Reduce  it  to  a  fine  powder,  and  fase  it  with  thrice  its  wei|^t 
of  potassa ;  dissolye  in  a  dilate  muriatic  acid  ;  evaporate  to  dryness ; 
re-dissolve  in  water,  and  precipitate  by  carbonate  of  potassa*  Dissolye 
this  precipitate  in  sulpharic  acid  and  add  a  litde  sulphate  of  potassa^ 
and  on  evaporation  crystab  of  alum  will  be  obtained.  These  being 
separated,  add  excess  of  carbonate  of  ammonia  to  the  residuary  liquor, 
which  will  retain  glucina  in  solution,  but  the  alumina  will  be  precipitat* 
ed  ;  filter,  and  evaporate  to  dryness,  and  apply  a  red  heat  ^-glucina  re- 
mains. 

1361.  From  the  experiments  of  I>avy,  this  earth  may  be  regarded 
as  consisting  of 

21.3  g^cinum 
8.    oxygen 

29.3  glucina. 


Section  XLI.     Yttrium. 

1362.  In  1794  Professor  Gadolin  discovered  a  new  earth  in  a  mine- 
ral from  the  quarry  of  Ytterby  in  Sweden,  to  which  Ekebeig,  in  1797, 
gave  the  name  of  Yttria.  The  mineral  has  since  been  termed  OcutoH- 
nite.  Oxide  of  yttrium,  or  yttria,  may  be  obtained  by  the  fi>UowiAg 
process :  Pulverise  the  mineral  and  boil  in  repeated  portiuNis  of  nitro- 
muriatic  acid  ;  evaporate  nearly  to  dryness,  dilute  with  water,  and  fil- 
ter ;  evaporate  to  dryness,  ignite  the  residue  for  some  hours  in  a  close 
vessel,  re-dissolve  and  filler.  To  this  sohition  add  ammonia,  which 
throws  down  yttria  and  oxide  of  cerium ;  heat  the  precipitate  red-hot, 
dissolve  it  in  nitric  acid,  and  evaporate  to  dryness  ;  dilute  with  150 
parts  of  water,  and  put  crystals  of  sulphate  of  potassa  into  the  liquid. 
The  crystals  graduallv  dissolve,  and,  after  some  hours,  a  white  pre- 
cipitate appears  of  oxide  of  cerium,  the  whoje  of  which  must  be  se- 
parated by  a  repetitioD  of  this  process.  The  liquor  is  then  to  be  fil- 
tered, aud  the  addition  of  pure  ammonia  forms  a  precipitate  of  yttria, 
which  is  to  be  washed  and  heated  red-hot. — Berzelius  in  Thomson^s 
Otemistry.     Vol.  i.  p.  357. 

1363.  Yttria  is  insipid,  white,  and  without  action  on  vegetable  co- 
lours. It  is  insoluble  in  water,  but  very  retentive  of  it.  Insoluble  in 
pure  alcalis,  but  readily  soluble  in  carbonated  alcalis.  It  forms  salts 
which  have  a  sweetish  austere  taste,  and  which  have  been  little  exa- 
mined. From  indirect  experiments  it  probably  contains  25  per  cent, 
oxygen  ;  hence  it  may  be  regarded  as  consisting  of 

32  yttrium 
8  oxygen 


•» 


40  yttria. 


Section  XLIl.     Thorinum. 

1364.  In  examining  some  varieties  of  gadolinite  and  certain  ores  ol' 
cerium,  Berzelius  obtained  a  new  metallic  oxide,  the  base  of  which  he 
has  called  thorinum.     The  accounts  hitherto  published  of  the  mode  of 
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procuring  this  subslance,  are  by  no  means  BiifficieDlly  clear  or  circum- 
stantial (o  enable  the  aludent  to  re))eat  them,  but  the  process  of  amily- 
sia  uf  the  mioerals  containing  it  will  be  founil  io  the  section  on  Uie  com- 
pounds of  thorioum  in  the  eosuing  chapter. 

1366.  Thorina  differs  from  atumiaa  in  being  insoluble  in  solnlioD  of 
potassa  ;  from  yttriii,  by  its  lutringent  taste  wtthoul  sweetness,  and  by 
its  neutral  solutions  affording  a  precipitate  when  boiled.  From  zirco- 
oia  it  differs  in  the  following  properties  :  !.  Aller  being  heated  to  red- 
ness it  is  stiU  soluble  in  acids,  i.  Sulphate  of  potussa  occasions  no 
precipitate  in  its  solutions,  3.  It  is  precipitated  by  oxalate  of  iimmoniii. 
L  Stilphate  of  tborina  crystalUzes,  while  sulphals  of  xirconia  does  not. 
t^Tsoiuon,  Vol.  i.  p.  &67. 


CHAPTER  VI. 

as   ASSIV    AND   ANALfSIS   OF  METALLIFBEOCS  COMPOtlNDS. 

1366.  Tre  chemical  history  of  the  metuU,  given  in  the  preceding 
liapteT  of  this  volume,  includes  some  account  of  the  method  of  anii- 
rzing  certain  of  their  compounds,  but  upon  this  aubject  many  detHile 

UVe  necessarily  been  omitted  in  the  different  sections  treating  of  the 
ketals  individually,  in  consequence  of  the  numerous  digressions  thar 
Hich  discussion  would  have  introduced  ^  in  the  present  chapter,  there- 
!,  it  is  proposed  to  describe  such  analytical  processes  as  have  not 
isly  been  adverted  to,  and  are  of  frequent  occurrence  in  the 
temical  laboratory  ;  and  likewise  to  point  out  the  means  of  detecting 
■purities  and  adulterations  in  the  various  chemical  products  used  in 
Mdicinc  and  in  the  arts. 

1367.  It  is  scarcely  necessary  to  observe  that  in  all  analytical  ope- 
rations distilled  water  is  to  be  employed,  and  that  the  purity  of  the  Biuuitil' 
tests  and  re-agents  must  be  previously  ascertained  :  it  is  also  conve-'"'" 
nient  that  they  should  be  of  some  known  degree  of  strength  or  con- 
cent ratio  a. 

1368.  Among  the  most  important  apparatus  of  the  chemical  analyst,  , 
is  a  good  balance  ;  he  wUl  generally  find  it  convenient  to  employ  two;BiIiiK*. 
one,  extremely  delicate  and  capable  of  weighing  from  one-hundredth 

of  a  grain  up  to  fifty  grains  ;  the  other,  less  sensible,  but  turning  with 
one-tenth  of  a  grain,  when  loaded  with  about  an  ounce  in  e^ch  scale. 
Larger  balances  are  often  requisite  for  weighing  from  one  ounce  to 
five  or  six  pounds. 

1369.  Forthedisintegrattonofvery  hard  substances,  mortars  ofhRrdHsrur-. 
steel,  agate,  or  phorphyry,  are  generally  used,  and  the  substance  should 
be^ccurately  weighed  before  and  after  pulverization,  in  order  to  ascer- 
tain whetlier  it  has  suffered  any  increase  Irom  the  abrasion  of  the  mor- 
tar. The  aggregation  of  many  very  bard  stony  substances  may  be  di- 
minished by  heating  them  red-hot  and  quenching  in  water ;  but  care 
should  be  taken  to  ascertain  the  nature  and  qufmtity  of  any  loss  which 
they  may  sustain  in  this  operation. 

1370.  The  proportion  of  any  substance  for  an  annlysis  varies,  in 
ordinary  cases,  from  twenty  to  one  hurdred  grains  ;  fifty  grains  is,  ge-  ai.' 
nerally  speaking,  a  convenient  quantity,  and  where  there  is  no  scarcity 
«f  the  material,  it  is  offen'advantageous  lo  operate  npon  two  or  three 
portions  at  once,  using  each  portion  for  nscertaining  a  distinct  compo- 
nent part. 
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either  metallic,  earthenware,  or  porcelain.  Of  the  former,  platiDUin, 
silrer,  and  iron  are  chiefly  useful ;  plstinum  resista  the  action  of  the 
greater  number  of  acids,  hut  it  is  acted  upon  by  alcaline  subitances ; 
pure  Bilver  is  chiefly  us^ul  for  alcaline  fuBiona,  but  as  it  melts  at  a  red 
heat,  some  care  is  requisite  in  its  employment ;  for  metallic  aubstancea, 
Hessian  and  Wedgwood  crucibles  are  required ;  the  former,  wbea 
well  made,  resist  a  very  high  heat  without  fnsion,  aq^  bear  sudden 
changes  of  temperature ;  the  latter  are  apt  to  crack,  and  should  diere- 
fiire  be  carefully  heated,  or  placed  in  a  Hessian  crucible,  it  is  ofteA 
necessary  to  lin^  a  crucible  with  charcoal,  which  is  roost  conTenientlj 
effected  by  mixing  finely- powdered  charcoal  with  a  very  little  Unseed 
meal,  and  beating  it  into  a  gtiff  paste  with  a  small  addition  of  water ; 
the  crucible  is  then  dipped  into  water,  and  its  interior  lined  to  the  re- 
quisite thickness;  on  applying  heat,  the  linseed-meal  bums,  bat  the 
coating  is  not  injured. 

B>»*F>P<-  1372.  In  the  examination  of  mineral  sub- 

stances, the  blow-pipe  is  a  most  useful  and 
necessary  ausiUary  to  our  other  operations  ; 
It  affords  a  simple  and  convenient  means  of 
heating  to  a  very,  high  degree,  and  almost  in- 
stantaneously, any  substance  sufficiently  small 
to  be  enveloped  m  its  flame ;  and  the  expe- 
rienced eye  is  thus  frequently  enabled  to 
antidpate,  with  much  precision,  the  nature 
of  the  substance  submitted  to  experiment 

There  are  numerous  forms  of  the  blow- 
pipe, among  which,  that  represented  in  the 
annexed  cat  is  perhaps  the  most  conveni- 
ent. '  It  coDsiBts  of  a  brass  tube  a,  with  an 
ivory  mouth-piece  b ;  the  other  end  of  the 
tube  tenninates  in  a  circular  box,  from 
which  issues  the  amall  tube  d,  moveable  in 
any  direction  round  the  centre  c,  by  which 
'  any  degree  of  obliquity  may  conveniently 
be  given  to  the  flame  ;  c  is  a  brass  jet  which 
fits  upon  the  tub.e  d, 

1373.  The  following  observations  respect- 
ing the  use  of  the  blow-pipe,  and  its  action 
upon  several  substances,  are  extracted  from  ' 
Mr,  Children's  Euay  on  Otemieal  Aiialytit: 
a  work  from  which  the  student  may  derira 
much  valuable  infbrniatian. 

■tiDigiiBeat      A  continued  stream  of  air  is  absolutely 

^thtiii/w-  essential,  to  produce  which,  without  fatigue 
to  the  lungs,  an  equable  and  uninterrupted 
inspirstion^must  be  maintained  by  inhaling  air 
through  the  noatrib,  whilst  that  in  the  mouth 
is  forced  through  the  tube  by  the  compres- 
'  sioo  of  the  cheeks.  A  htUe  practice  will 
make  this  operation  easy,  but  at  first  consi- 
derable lassitude  is  generally  experienced 
in  the  buccinator  mutclei.    After  babit  bu 
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ren^red  the  operation  familiar,  a  current  may  he  kept  up  for  ten 
or  fifteen  minutes,  without  iuconvcniemre.  A  large  wax  candle  sup- 
]rfiea  the  best  flame,  which  being  urged  by  the  blast,  eshibita  two  dig- 
tinct  figures  ;  (he  internal  tlnme  is  conical,  blue,  and  well  defined,  at 
tbe  apei  of  which  the  moat  violent  degree  of  heal  is  excited  ;  the  ex- 
ternal U  red,  vague,  and  uudelermined ,  and  of  very  inferior  tempera- 
ture to  the  former. 

The  subatance  to  be  submitted  to  the  action  of  the  blow-pipe,  which 
ihould  not  be  tnrger  than  a  amail  peppcr-com,  must  be  supported  ei' 
Uier  on  charcoal,  or  a  slip  of  plalina  or  silver  foil,  or  be  held  in  a  pair 
of  platina  pincers.  In  Ihetirat  case  it  may  be  placed  in  a  cavity  in  tb« 
dtarcoa),  and  another  piece  laid  over  it  to  prevent  its  being  carried  olT 
by  the  blast.  The  metallic  supports  are  used  when  the  subject  of  the 
eiperitnent  is  intended  (o  be  exposed  to  the  action  of  heat  only,  and 
might  be  altered  by  contact  with  the  charcoal.  If  a  very  intense  heat 
be  required  the  foil  may  be  laid  on  charcoal.  Salts  and  volatile  sub- 
Btances,  are  to  be  heated  in  glass  tubes,  closed  at  one  end,  and  enlarg- 
ed according  to  circumstances,  so  as  to  form  small  matrasaea. 

The  exterior  S.ime  should  first  be  directed  on  (he  subalancc,  and 
when  its  action  is  known,  (ben  tlie  interior  blue  flame.  Notice  should 
bfi  taken,  whether  the  matter  decrepitates, splits,  swells  up,  liquefies, 
boils,  vegetates,  changes  colour,  smokes,  is  laflamed,  becomes  obedient 
to  the  magnet,  iS-c.*  ;  when  the  action  of  heat  alone  has  been  ascer- 
tained, it  will  be  necessary  to  examine  what  further  change  takes 
place,  by  fusing  it  with  various  fluxes,  and  also  whether  it  be  capable 
tf  reduction  to  the  metallic  slate. 

*  The  three  mo8(  useful  fluxes,  are  the  triple  phosphate  of  soda  and  Hi 
~limonia,  subcarbonate  of  soda  and  borax.  These  are  to  be  kept  rea- 
f  pulverised,  and  when  used,  a  sufiicieDt  quantity  may  be  taken  up 
j  the  moistened  point  of  a  knife  ;  the  moisture  causes  tbe  particlei 
t  cohere  and  prevents  their  being  blown  away,  when  placed  on  the 
harcoal.  The  flux  must  be  melted  into  a  clear  bead,  and  the  substance 
fhen  placed  on  it,  and  submitted,  first  to  tbe  action  of  the  exterior,  and 
then  to  that  of  the  interior,  flame.  The  appearances  which  ensue 
must  be  observed  ;  as, 

■M.  Knut  tmsDropoacd  Uic  foUowing  li^enious  mrlhod  of  naisring  my  neak  nu^cbc  ai' 
(ractloni  pwccpiitik : 

If  in  rniccive  Ibe  iMcdIa  lo  bf  removed  a  lilUf  fmn  the  pIlUK  ef  its  ntitpwlic  nuridian. 
iti  dirrfltn^  bne  frill  luunrdUliUf  leod  lonsiare  it,uidwith*pciflrerproporU«iBicUilhciuia 
ottbe  aiig)*  wUch  the  iwcdlr  mkei  with  Ihe  mgenflk  mcriditfiL  Bcfbie  anj  wbsliince  l-u  met 
KithenRdle,  itwillbnva  lo  overcome  the  dincting  ram,u  wetlulbe  rnclWDallhe  poiiitaf 


(uBptiuuvii  (ibfUcka  wliii^h  nay  prertni  Ibe  i!fli.i:t  of  vftj  '^Vf*  allnKinn*  tram  being  per- 
rriycd.    Todinunish  the(bit»opt>ovedto  the  artiotior  theEwedle,  U.  Hnuj' ptecca n nurael- 
»>  fram  it,  on  ibe  nme  level  Mid  to  Ihe  dlMMioa  of  iiini^bytiviihitit 


jjulosiloiiledmnlnin' 10  (hoiB  of  Uu)  needle.  IfmsupnMe  Ihe  maeneiicbu  lobe  placed  lo  Iha 

VmuOtoS  IV  wedlc.lhnKuUipolrDr  IhcrMgnelandthelWHlle  will  be  opposed  lonchudwr, 

'   '  i<  if  the  nitgi|iel  be  nude  to  ippnMtb  the  needle,  the  lalter  will  more  oii  iisccntre  tattanSt 

I*  other,  lill  an  equilibriomu  pnAicpd  belween  Ihe  lUtnal  action  of  Uie  magnet 

. . .  ind  tlial  of  llie  nredlo  and  Ike  canh.    Coulooifa  las  ihanii  Ihal  in  proponian  at 

it  nenfli'  deviairs  frnm  Iti  nalunl  nontkn,  the  incremenli  of  poWer  nccmaiy  lo  pmilucc 

■I  ptteDla,  are  bi  ■  drcirasing  nllo ;  9o  that  when  it  hail  itioTod  ibimrii  nearly  a  quarter  of 

licic,  a  teiy  nnKll  illnHlivc  poner  *ill  be  luSciriii  to  indwnce  il.    When  ii  is  in  tbli  po- 

m,  ilwi  ia,  iiHrIt  ul  riEbf  anclei  with  tlie  ma^clic  meridian,  ibe  nerdln  is  in  iit  nun 

nblr  ilale;  audiaallbrtMllfanTiulMtimcecOoiaininglheinmliiiiuiiWponionol'iranbepr*- 

Iwi  WiL 

Hauyhath]-  thi«  Qielhod  delected  iron  >n  leTenil  mioenhi  ithi>re  ill 


V  V 


ipKiB'd  Id  eiift  in  a  ciatc  not  liabl'  In  b*  Hllactcd  bv  ihn  int(Mi. 
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Ist.  If  the  subittnce  be  dissolyed,  and  whether  with  or  witfaoQt 
efferveftcence : 

2nd.  The  traosparency,  and  colour  of  the  ^^ass  whilst  cooling ; 

3rd.  The  same  circomstances,  when  cold ; 

4th.  The  nature  of  the  g^  formed  bj  the  exterior  flame ; 

5th.  Also,  bj  the  interior  flame. 

6th.  The  particular  appearances  with  each  of  the  fluxes. 

Subcarbonate  of  soda  does  not  form  a  bead  on  charcoal*  but  With  a 
certain  degree  of  heat  is  absorbed  ;  it  must  therefore  be  added  in  Teij 
small  quantities,  and  a  gentle  heat  used  at  first,  which  will  promote 
combination  without  the  absorption  of  the  alkali.  Some  mineials  com* 
bine  readily  with  very  small  portions  of  soda,  but  difficultly  if  more  be 
added,  and  are  absolutely  infusible  with  it  in^eat  excess ;  and  when 
the  substance  has  no  affinity  for  this  flux,  it  is  absorbed  by  the  charcoal, 
and  no  combination  ensues. 

When  the  mineral  contaiBS^ulphur  or  sulphuric  acid,  the  ^^ass  ac* 
quires  a  deep  yellow  colour,  which  by  the  li^t  of  a  lamp  appears  red, 
as  if  produced  by  copper. 

If  the  glass  bead  become  opaque  as  it  cools,  so  as  to  render  the  co- 
lour indistinct,  it  should  be  broken  and  a  part  of  it  mixed  with  more  of 
the  flux,  till  tiie  colour  becomes  purer,  and  distinct.  To  make  the  co- 
lour more  perceptible,  the  bead  may  be  flattened  whilst  soft,  or  drawn 
out  to  a  thread. 

If  it  be  wished  to  oxidate  a  metallic  substance,  combmed  with  either 
of  the  fluxes,  the  dass  is  first  heated  intensely,  and  when  fused,  gra- 
dually withdrawn  from  the  point  of  the  blue  flame,  and  the  operation 
repeated,  as  often  as  necessary,  using  a  jet  of  large  aperture.  The 
addition  of  a  little  nitre  also  assists  the  oxidation.  For  the  redudum 
of  metallic  oxides,  the  glass  bead  is  to  be  kept  in  fiision  on  charcoal, 
as  long  as  it  remains  on  the  surfiice  and  is  not  absorbed,  that  the  metal* 
lie  particles  may  collect  into  a  globule,  it  is  then  to  be  fused  with  an 
additional  quantity  of  soda,  which  will  be  absorbed  by  the  charcoal, 
and  the  spot  where  the  absorption  has  taken  place,  strongly  ignited  by 
a  tube  with  a  small  aperture.  By  continuing  the  ignition,  the  jportion 
of  metal  which  was  not  previously  reduced,  will  now  be  brought  to  the 
metallic  state,  and  the  process  may  be  assisted,  by  placing  the  bead  in 
a  smoky  flame,  so  as  to  coyer  it  with  a  soot  that  is  not  easily  blown  ofi. 

The  beads  which  contain  metals  frequently  have  a  metallic  splendour, 
which  is  most  easily  produced  by  a  gentle,  fluttering,  smoky  flame, 
when  the  more  intense  heat  has  ceased.  With  a  moderate  heat  the 
metallic  sur&ce  remains  ;  and  by  a  little  practice  it  may  generally  be 
known  whether  the  substance  under  Examination  contains  a  metal  or 
not  But  the  glass  of  borax  alone  sometimes  assumes  externally  a  me- 
tallic appearance. 

When  the  charcoal  is  cold,  that  part  impregnated  with  the  fused  mass 
should  be  taken  out  with  a  knife,  and  ground  with  distilled  water  in  an 
agate  mortar.  The  soda  will  be  dissolved  ;  the  charcoal  will  float,  and 
may  be  poured  ofi*;  and  the  metallic  particles  will  remain  in  the  water, 
and  may  be  examined. 

In  this  manner  most  of  the  metals  may  be  reduced. 

Action  of  (ke  Blowpipe  on  (he  Earths  and  Metallic  Oxides. 
Baryta  (627),  when  containing  water,  melts  and  spreads  on  the  char- 


eettl.  Combined  with  sulphuric  aciil,  it  h  converted,  in  the  inferior 
flame,  into  a  sulphurel,  nml  U  absorbed  by  the  charcoal,  with  eScrtes- 
cence,  nhicb  cootinuec  as  long  us  it  is  exposed  to  the  action  of  the  in- 
strument. 

Sirontia  (652),  if  combined  with  carbonic  acid,  when  held  in  small 
thin  plates  with  phiUnutn  forceps  in  the  interior  flame,  has  its  carbonic 
acid  driven  oflT,  and  on  the  side  of  the  plate  furthest  from  the  himp,  a 
red  6ame  is  seen,  sometimes  edged  with  green,  and  scarcely  percepti- 
ble but  by  the  flame  of  n  lamp.  Sulphate  of  strontia  is  reduced  in  the 
iaUrior  flame  to  a  sulphuret ;  dissolre  this  in  a  drop  of  hydrochloric 
acid,  adda  drop  of  alcobol,  and  dip  a  thin  slip  of  deal  in  the  solution  ; 
it  will  burn  with  a  floe  red  flame. 

LiiM  f618). — The  carbonate  is  easily  rendered  cnuatic  by  heat ;  it 
then  evolves  heat  on  being  moistened,  turDs  paper  stained  with  turme- 
ric brown,  and  is  infusible  before  the  blow-pipe.  The  sulphate  is  easily 
reduced  to  a  sulphuret,  and  possesses,  besides  the  properly  of  combin- 
ing with  fluor  spar  at  a  moderate  heat,  forming  a  clear  glass.  The  fluor 
should  be  rather  in  excess. 

Magnesia  (671)  produces,  like  strontia,  an  intense  brightness  in  the 
flame  of  the  blow-pipe.  A  drop  of  a  aolulion  of  cobalt  being  added  tfi 
it,  and  then  dried  and  strongly  ignited,  a  fiiint  flc^h  red  colonr,  scarcely 
visible  by  the  light  of  a  lamp,  is  produced. 

Magnesia  may  in  this  mannerbe  detected  in  compound  bodies,  if  they 
do  not  contain  much  metallic  matter,  or  a  quantity  of  alumina,  exceed- 
ing that  of  the  magnesia.  Some  inference,  as  to  the  proportion  of  the 
mugnesia,  may  be  drawn  from  the  intensity  of  the  colour  produced. 

All  these  alkahne  earths,  when  pure,  are  readily  fusible  with  the 
fluxes,  into  a  clear,  colotirlcss  glass,  without  effervescence;  but  dd  aild- 
ing  a  further  quantity  of  the  earth,  the  glass  becomes  opaque. 

Jllumina  (1339)  combines  more  slowly  with  the  fluKcsthan  theprft- 
ceding  enrthi,  and  forms  a  clear  glass,  wliich  does  not  become  opafjiie. 
But  the  most  striking  charncter  of  alnmina  is  the  bright  blue  colour  it 
acquires  from  the  addition  of  a  drop  of  nitrate  of  cobalt,  after  having 
been  ilricd  and  ignited  for  some  time.  It  may  thus  be  detected  in  com- 
pound minerals  where  the  metallic  substances  are  not  in  great  propor- 
tion, nor  the  quantity  of  magnesia  largc- 

The  following,  according  to  Berzelius,  is  a  ready  method  of  disco- 
vering hlAin  (609)  in  any  mineral  supposed  to  contain  it ;  it  is  founded 
«n  the  facility  with  which  that  alkali  attacks  platinum. 

Take  a  morsel  of  the  mineral,  about  the  size  of  a  pin's  head,  or  a 
small  quantity  of  it  reduced  to  flne  powder,  and  heat  it  with  an  excess 
of  soda,  on  a  slip  of  platinum  foil  before  the  blow-pipe,  and  keep  it  red 
hot  for  about  two  minutes.  The  stone  will  be  decomposed,  the  soda 
wilt  expel  the  lithia  from  its  combination,  and  the  excess  of  alkali,  be- 
coming fluid  at  this  temperature,  will  spread  over  the  surface  of  the  foil, 
and  envelope  the  decomposed  mass.  The  platinum  round  the  fused 
alkaline  mass  assumes  a  dork  colour,  deep  and  cstensive  in  proportion 
to  the  quantity  of  lithia  in  the  mineral.  The  platinum  beneath  the  al- 
kali is  not  oxidated,  but  only  in  those  parts  where  it  is  in  contact  both 
with  the  air  and  the  litlua.  Potassa  destroys  the  action  of  platinum  on 
the  lithia,  if  it  be  not  in  considerable  quantity.  The  metal  recovers 
its  brilliancy  after  being  well  washed  with  water  and  heated  to  redness. 
~-Jitinalet  de  Chitnie,  Vol.  x.  p.  104,  note. 
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MttaUie  Oxides  and  Addi. 


Ar$9mc  (1013)  flies  off  accompanied  by  its  characteristic  smell,  re- 
sembling garlic*  When  large  pieces  of  white  arsenic  are  heat^  on 
ignited  charcoal,  no  smell  is  perceiyed.  To  produce  this  effect,  the 
white  oxide  mnst  be  reduced  by  being  mixed  with  powdered  charcoal. 
If  arsenic  be  snspected  in  a  solation,  it  may  be  discoyered  by  dipping 
into  it  a  piece  of  pnre  and  well-bnmt  charcoal,  which  is  afterwards  to 
be  dried  and  ignited. 

O^romtiim.— -Its  green  oxide  (1081^  exhibits  the  following  proper- 
ties :  it  is  fusible  with  microcosmic  salt  ^phosphate  of  soda  smd  ammo- 
nia) in  the  interior  flame,  into  a  glass  which  at  the  instant  of  its  remoyal 
from  the  flame  is  of  a  yiolet  hue,  approaching  more  or  less  to  dark 
bine  or  red,  according  to  the  proportion  of  the  chromium.  After  cool- 
ing, the  glass  is  bluish  green,  but  less  blue  than  copper  glass.  In  the 
exterior  flame  the  coldVir  becomes  brighter,  and  less  blue  than  the  for* 
mer.  With  borax  it  forms  a  bright  yellowish  or  yellow  red  glass  in  the 
exterior  flame ;  and  in  the  interior  flame  this  becomes  darker  and 
greener,  or  bluish  greeii. 

Molybdic  acid  (1071)  melts  by  itself  upon  the  charcoal  with  ebulli- 
tion, and  is  absoroed.  In  a  platinum  spoon  it  emits  white  fumes,  and 
is  reduced  in  the  interior  flame  to  molybdous  acid,  which  is  blue,  but 
in  the  exterior  flame  it  is  again  oxidated  and  becomes  white.  With 
microcosmic  salt,  in  the  exterior  flame,  a  small  proportion  of  the  acid 
giyes  a  green  glass,  which  by  gradual  additions  of  the  acid  .passes 
through  yellow  green  to  reddish,  brownish,  and  hyacinth  brown,  with 
a  slight  tinge  of  green.  In  the  interior  flame  the  colour  passes  from 
yellow-green,  through  yellow-brown,  and  brown-red,  to  black ;  and  if 
the  proportion  of  acid  be  large,  it  acquires  a  metallic  lustre,  like 
the  Bulphuret,  which  sometimes  remains  after  the  glass  has  cooled. 
Molybdic  acid  is  but  sparingly  dissolved  by  borax.  In  the  exterior 
flame  the  glass  acquires  a  grey-yellow  colour.  In  the  interior  flame 
black  particles  are  precipitated  from  the  clear  glasH,  leaving  it  almost 
colourless  when  the  quantity  of  molybdenum  is  small,  and  blackish 
when  the  proportion  is  large.  If  to  a  glass  formed  of  this  acid  and 
microcosmic  salt  a  little  borax  be  added,  and  the  mixture  fused  in  the 
exterior  flame,  the  colour  becomes  instantly  reddish-brown ;  in  the 
interior  flape,  the  bls^ck  particles  are  also  separated,  but  in  smaller 
quantity.  By  long-continued  heat  the  colour  of  the  glass  is  diminish-^ 
ed,  and  it  appears  yellower  by  the  light  of  a  lamp  than  by  day-light. 
This  acid  is  not  reduced  by  soda  in  the  interior  flame. 

Tungttic  Add  ( 1095,  p.  974.)  becomes  upon  charcoal  at  first  brown- 
ish yellow,  is  then  reduced  to  a  brown  oxide,  and  lastly,  becomes  black 
without  melting  or  smoking.  With  microcosmic  salt  it  forms  in  the  in- 
terior flame  a  P^re  blue  glass,  without  any  violet  tinge ;  in  the  exterior 
flame  this  coloqr  disappears,  and  appears  again  in  the  interior.  With 
borax,  in  the  internal  flame,  and  in  small  proportion,  it  forms  a  colour- 
less i^ass,  which  by  increasing  the  proportion  of  acid,  becomes  dirty 
grey,  and  then  reddish,  By  long  exposure  to  the  external  flame  it  is 
remlered  transparent,  but  as  it  cools  it  becomes  muddy,  whitish,  and 
changeable  into  red  when  seen  by  day-light.     It  is  not  reduced. 

Oxide  of  Columbium  (1108,  p.  276.)  undergoes  no  change  by  itself, 
l>ut  is  readily  fused  with  microcosmic  salt  and  wi^h  borax,  into  a  clear 
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tourUas  gliiM,  from  which  the  oxide  may  be  precipitated  by  heating 

d  cooliDg  it  alternately.  Tbc  glass  Ihea  becomes  opaque,  and  the 
nide  is  not  reduced. 

Oxide  of  7'itanium  (OSS)  becomes  yellowisli  when  ignited  in  a  ?poon, 
and  upon  charcoal  dark  brown.  With  microcosmic  sdt  it  gives  in  the 
interior  flame  a  fine  violet -coloured  glas^,  more  lending  to  blue  than 
that  from  manganese.  In  the  exterior  Aume  this  colour  disappears. 
With  boras  it  gives  a  dirty  hyacinth  colour. 

Oxide  of  Cerium  (098)  becomes  red  brown  when  ignited.     When 
the  proportion  is  small  it  forms  with  the  lluxea  a  clear,  colourless  glasg, 
"^which  by  increasing  the  proportion  of  oiide  becomes  yellowish-green 
liile  hot.  .  With  microcosmic  salt,  if  heated  a  lung  time  in  the  inter- 

il  Qane,  it  gives  a  clear  colourless  glass. 

With  borax,  under  similar  circums lances,  it  gives  A  faint  yellow- 
green  glass  while  warm,  but  is  colourless  when  cold.  Exposeil  again 
for  some  time  lo  the  external  flame,  it  becomes  reddish  yellow,  which 
colour  it  partly  retains  when  cold.  If  two  transparent  beads,  one  of 
the  compound  with  microcosmic  salt,  the  other  with  borax,  be  fused 
together,  the  triple  compound  becomes  opaque  and  white.  The  ox- 
ide is  volatile. — See  Thmmoii'i  CItemisirij,  Vol.  i.  p.  408,  b(h  cdilion. 

Oxide  of  Uranium.  (9S3). — The  yellow  oxide  by  ignition  becomes 
green  or  greenish  brown.  With  microcosmic  salt  in  the  interior  name 
it  forms  a  clear  yellow  glass,  the  colour  of  which  becomes  more  in* 
leuse  when  cold.  If  long  exposed  to  the  exterior  flume,  and  frequent- 
ly cooled,  it  gives  a  pale  yellowish,  red-browu  glass,  which  becomes 
greenish  as  it  cools.  With  borax  in  the  interior  flame,  a  clear,  culuur- 
Iciss,  or  faintly  green  glass  is  formed,  containing  black  particles,  which 
appear  to  be  the  melat  in  its  lowest  slate  ofoxidation.  In  Uie  exterior 
flame  this  black  mailer  is  dissolved  if  tlie  quantily  be  not  too  greal, 
and  the  glass  becomes  bright  yellow  iih-gr^eu,  and  alter  further  oxidation 
yellowish-brown.  If  brought  again  into  the  interior  flame,  the  colour 
gradually  changes  to  green,  and  the  black  matter  ia  again  precipitated, 
'wit  no  further  reduction  takes  place. 

I.  Oxide  of  Ahnganeie  (703)  gives  with  microcosmic  siilt,  in  the  exlc- 
^r  flame,  a  line  amethyst  colour,  which  disappears  in  the  interior 

me.     With  borax  it  gives  a  yellowish  hyacinlh  red  glass.     When  the 

manganese,fromit6combinationwittiiron,  or  any  other  cause,  docs  not 
produce  a  suflicienlly  intense  colour  in  llie  glass,  a  little  nitre  may  be 
added  to  it  while  in  a  elate  of  fusion,  and  the  glans  then  becomes  dark 
violet  while  hot.  and  reddish  violet  when  cool.     It  is  not  reduced. 

Oride  of  Tellarium  (1002),  when  gently  heated,  becomes  first  yel- 
low, then  light  red  and  aiterwards  black.  It  melts  and  is  absorbed  by 
the  charcoal,  and  is  reduced  with  a  slight  detonation,  u  greenish  flame 
and  a  smell  of  horse-radish.  Microcoemic  salt  dissolves  it  without  be- 
ing coloured. 

Oxide  of  Antimony  (907)  is  partly  reduced  in  the  exterior  flame, 
sod  spreads  a  while  smoke  on  the  charcoal.  In  the  interior  dame  it  is 
readily  reduced,  either  alone  or  with  the  addition  of  soda.  With  mi- 
crocosmic salt  and  with  borax  il  forms  a  hyacinth  coloured  glass.  Me- 
tallic antimony,  when  ignited  on  charcoal,  becomes  covered  with  ra- 
diating acicular  crystals  of  white  oxide.  Sulphuret  of  antimony  mells 
^■|n^  charcoal,  and  is  absorbed. 
^K.  Oxide  of  Bimvih  (939)  melts  readily  in  a  spoon  to  a  brown  glass. 
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which  becomes  brighter  as  it  cools.  With  microcosmic  salt  it  fonn^  ft 
grey  yellow  glass,  which  loses  its  transparency,  and  becomes  pale  when 
cool.    Add  a  farther  proportion  of  oxide,  and  it  becomes  onaqne. 

With  borax  it  forms  a  grey  glass,  which  decrepitates  in  tke  interior 
iame,  and  the  metal  is  r^nced  and  volatilized.  It  is  readily  reduced 
by  itself  on  charcoal. 

Oxide  of  Zinc  (766)  becomes  yellow  when  heated,  hot  whitens  as  it 
cools.  A  small  proportion  forms  with  microcosmic  salt,  and  with  bo- 
tax  a  clear  glass,  which  becomes  opaqne  on  increasing  the  qnantitf  of 
mode.  A  £op  of  nitrate  of  cobalt  being  added  to  the  oxide  and  dried 
and  ignited,  it  becomes  green.  With  soda  in  the  interior  flame  it  is 
rednced,  and  bams  with  its  characteristic  flame,  depositing  its  oxide 
vpon  the  charcoal.  By  this  process  zinc  may  be  easily  detected  even 
m  the  automalite.  Mixed  with  oxide  of  copper,  and  reduced,  the  zinc 
will  be  fixed  and  brass  obtained.  But  one  of  the  most  unequivocal 
characters  of  the  oxide  of  zinc  is,  to  dissolve  it  in  vinegar,  evaporate 
the  solution  to  dryness,  and  expose  it  to  the  flame  of  a  lamp  when  it 
wiU  bam  with  its  pecoliar  flame. 

Oxide  ef^dmium  (819)  is  orange  yellow,  not  volatile,  and  easily 
ledueed;  it  gives  no  colour  to  borax.— ^nfui/69  de  Chimie  et  Phye^y 
Tom.  viii.,  p.  100. 

Oxide  of  iron  (722)  produces  with  microcosmic  salt,  or  borax  in  the 
exterior  flame,  when  cold,  a  yellowish  glass,  which  b  blood-red  while 
hot.  The  protoxide  forms  with  these  fluxes  a  green  ^aas,  which  by 
increasing  the  proportion  of  the  metal  passes  through  bottle  green  to 
Mack,  and  is  opaque.  The  ^ass  from  the  peroxide  becomes  green  ia 
the  interior  flame,  and  is  redaced  to  protoxide,  and  becomes  attractable 
liy  the  magnet  When  placed  on  the  wick  of  a  candle,  it  bums  with 
the  crackling  noise  peculiar  to  iron« 

Oxide  of  Cobalt  (958)  becomes  black  in  the  exterior,  and  grey  in  the 
interior  dame ;  a  small  proportion  forms  with  microcosmic  salt  and 
with  borax  a  blue  glass,  that  with  borax  being  the  deepest.  By  trans- 
mitted light  the  glass  is  reddish.  By  farther  additions  of  the  oxides, 
it  passes  through  dark  blue  to  black.  The  metal  may  be  precipitated 
from  the  dark  blae  glass  by  inserting  a  steel  wire  into  the  mass  while 
in  fusion.  It  is  malleable  if  the  oxide  has  been  free  from  arsenic,  and 
may  be  collected  by  the  magnet,  and  is  distinguished  from  iron  by  the 
absence  of  any  crackling  soand  when  placed  on  the  wick  of  a  candle. 

Oxide  of  Nickel  (1112)  becomes  black  at  the  extremity  of  the  ex- 
terior flame,  and  in  the  interior  greenish  grey.  It  is  dissolved  readily, 
and  in  large  quantity,  by  microcosmic  salt.  The  glass  while  hot  is  a 
dirty  dark  red,  which  becomes  paler  and  yellowish  as  it  cools.  After 
the  g^ass  has  cooled,  it  requires  a  large  addition  of  the  oxide  to  pro- 
duce a  distinct  change  of  colour.  It  is  nearly  the  same  in  the  exteri- 
or and  interior  flame,  being  slightly  reddish  in  the  latter.  Nitre  added 
to  the  bead  makes  it  froth,  and  it  becomes  red  brown  at  first  and  after- 
wards paler.  It  is  easily  fusible  with  borax,  and  the  colour  resembles 
the  preceding.  When  this  glass  is  long  exposed  to  a  high  degree  of 
heat  in  die  interior  flame,  it  passes  from  reddish  to  blackish  and  opa- 
que, then  blackish  grej  and  transparent :  then  paler  reddish  grey,  and 
clearer ;  and  lastly,  transparent,  and  the  metal  is  precipitated  in  small 
white  metallic  globules. 

The  red  colour  seems  here  to  be  produced  by  the  entire  fusion  or 
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.solution  of  tlie  oiiJe.  the  black  by  incipient  reduction,  anil  tbe  grey 
bv  the  minute  metallic  particles  before  tbey  combine  and  form  imaU 
^obules.  When  a  little  soJu  i^  added  to  the  gbu  formed  with  borax, 
Oie  reduction  is  more  easily  effected,  and  the  metal  colleclB  itself  into 
one  single  globule.  When  Uus  otide  contalos  iron,  tbe  glass  retaiu 
tti  ovrn  colour  while  hot,  but  assumes  that  of  the  iron  aa  it  cooti. 

Oxide  of  Tin  (790),  in  form  of  hydrate,  and  in  iu  highest  degree  of 
purity,  becomes  yellow  when  healed,  then  red,  nod  when  approiiching 
to  ignition  black,  if  iron  or  lead  be  mixed  with  il,  the  colour  is  dark 
btowii  when  heated.  These  colours  become  yellowish  as  the  eub- 
•buce  cools.  Upon  charcoal  in  the  interior  flame,  it  becomes  and  con- 
tioues  white  ;  and  if  originally  white,  and  free  Irom  water,  it  under- 
goes no  change  of  colour  by  heating.  It  is  very  easily  reduced  with- 
out  addition,  but  the  reduction  is  promoted  by  adding  a  drop  of  sola- 
lion  of  soda  or  potassa. 

OantJe  of  Lead  (872)  melts,  and  is  very  quickly  reduced,  either 
without  any  addition,  or  when  fused  with  microcosnuc  salt  or  borax. 
The  glass  not  reduced  is  black. 

Oxide  of  Copper  (826)  is  not  altered  by  the  exterior  flame,  but  be- 
comes protoxide  in  the  interior.  With  both  microcosmic  salt  and  bo- 
rax it  forms  a  yellow-green  glass  while  hot,  but  which  becomes  blue- 
Creen  as  it  cools.  When  strongly  heated  in  the  interior  flame,  il  ios£s 
iti  colour,  and  tbe  metal  is  reduced.  If  the  quantity  of  oxide  be  sa 
unall  thut  the  colour  be  not  preceplible,  its  presence  may  be  delected 
by  the  addilioa  of  a  Lttle  tin,  which  occasions  a  reduction  of  the  oxide 
to  protoxide,  and  produces  un  opaque  red  glass.  If  the  oxide  has  beea 
fused  with  borax,  this  colour  is  longer  preserved  ;  but  if  with  micro- 
cosmic  salt,  it  soon  disappears  by  a  continUHOce  of  heat.  The  copper 
may  also  be  precipitated  upon  iron,  but  the  glass  must  be  first  saturated 
ifiUi  iron.  Alkalies  or  lime  promote  this  precipitation.  If  the  gla&s 
containing  copper  be  exposed  to  a  smoky  name,  the  copper  is  super- 
ficially reduced,  and  the  glass  covered  while  hot  with  an  iridescent 
pellicle,  which  is  not  always  permanent  after  cooling.  It  is  very  easily 
reduced  by  soda.  Salts  of  copper,  when  healed  before  the  blow'pipe, 
gire  a  flne  green  flame. 

Oxide  of  Mereury,  (IH9)  before  the  blow-pipe,  becomes  black  and 
ti  entirely  volatilized.  In  this  manner  its  adulteration  may  be  disco- 
vered. 

The  other  metals  moy  be  reduced  by  themselves,  and  may  be  known 
by  their  own  peculiar  character. — Thornton,'*  AtinaU,  No.  Ixi.  p.  42. 
et  seq. 

1374.  Although  the  principal  analyses  in  the  following  aectjoiu  liave 
been  conducted  in  the  laboratory  of  tbe  Uoyal  Institution,  and  are 
therefore  the  results  of  actual  experiment,  there  are  many  difficulties 
iiD  their  performance,  which  practice  alone  will  enable  the  student  to 
overcome,  and  some  fallacies,  to  which,  even  with  extensive  experi- 
ence, he  will  still  tlnd  himself  liable  :  among  the  latter,  1  cannot  help 
adverting  to  those  attractions  of  the  metallic  oxides  for  each  other, 
which  have  been  but  little  studied,  but  which  often  present  seruiui 
difficulties  to  the  preceedings  of  the  analyst ;  where,  for  instance,  se- 
EVeral  earths  are  held  in  the  same  solution,  it  u  extremely  diflicult  t» 
^(ccl  Iheir  comjilete  scpui-atiou  by  the  agency  of  those  precipitaolft 
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which  are  generally  regarded  as  throwing  down  only  one  of  them  ;  ia 
the  same  way,  although  water  occasions  no  precipitate  in  permuriate 
of  tin,  but  throws  down  the  oxide  from  permuriate  of  antimony,  yet  if 
the  permuriates  be  mixed,  it  is  found  that  the  precipitate  by  water 
contains  a  very  notable  proportioif  of  peroxide  of  tin ;  and  many  si- 
milar cases  might  be  adduced. 

The  practice  of  submitting  substances  of  known  composition  to 
analysis,  cannot  be  too  strongly  recommended  to  the  chemical  student ; 
it  makes  him  acquainted  with  the  mutual  actions  and  habitudes  of  a 
number  of  bodies,  which  experience  can  alone  teach,  and  gives  a  dex- 
terity of  manipulation;  and  an  accuracy  in  conducting  experimental 
inquiries,  of  which  he  will  find  the  value  when  subsequently  in  the 
pursuit  of  original  investigations. 


SxcTipir  I.     Of  the  Compoundi  of  Potatsium. 

1375.  Pure  Potassa  (544^  should  be  perfectly  soluble  in  twice  its 
*^^    weight  of  water,  and  the  solution  should  hot  effervesce  upon  the  addi- 
tion of  a  few  drops  of  nitric  acid,  but  remain  undisturbed  and  transpa- 
rent. 

If  nitric  acid  cause  an  effervescence  in  the  solution  of  potassa,  it 
indicates  carbonic  acid ;  if  a  precipitate  not  soluble  in  slight  excess  of 
the  acid,  it  is  silica;  if  a  precipitate  soluble  in  slight  excess  of  acid,  it 
is  alumina. 

The  presence  of  lime  in  solution  of  caustic  potassa,  is  shown  by  neu- 
tralizing it  by  nitric  acid,  filtering  if  necessary,  and  adding  oxalate  of 
ammonia,  which  causes  a  white  cloud  ;  or,  by  the  production  of  a  pre- 
cipitate of  carbonate  of  lime  upon  adding  solution  of  bi-carbonate  of 
potassa. 

Baryta  water  should  occasion  no  turbidness  in  a  solution  of  pure 
potassa ;  if  it  occasion  a  precipitate  soluble  with  effervescence  in  nitric 
acid,  it  announces  carbonic  acid ;  if  insoluble,  sulphuric  add, 

1376.  Chlorate  of  Potassa  (546)  is  sometimes  mixed  with  a  little  of 
the  chloride  of  potassium^  which  is  shown  by  the  addition  of  solution  of 
nitrate  of  silver  occasioning  a  precipitate,  which  it  does  not  in  the  so- 
lution of  the  pure  chlorate. 

1377.  Nitrate  of  Potassa  (651). — The  quantity  of  pure  nitre  in  a 
given  portion  of  the  rough  salt  may  be  learned  with  tolerable  accuracy 
by  the  following  process  : 

Purification  of  Nitre, — 7  lbs.  of  rough  nitre  are  accurately  weighed,, 
and  then  dissolved  by  heat  in  21  parts  of  water;  when  boiling,  the 
scum  is  removed  until  no  more  rises,  and  then  the  solution  is  allowed 
to  setde  for  ten  minutes  or  longer.  In  this  way  nearly  all  the  dirt  falls 
down,  and  the  clear  solution  being  poured  off,  is  passed  through  a  filter 
of  tow  into  a  pan,  and  set  aside  to  crystallize  ;  the  dirt  left  behind  is 
added  to  the  scum,  and  both  being  diluted,  are  filtered  through  paper, 
and  the  clear  solution  preserved.  Next  day  the  crystals  formed  in  the 
pan  are  separated  and  put  into  funnels  to  drain,  and  the  mother  liquor 
with  the  filtered  solution  from  the  scum,  4"c.,  are  further  evaporated 
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And  again  leA  (o  crystallize.  Oq  the  second  evaporation,  impuritwi 
generally  separate  from  the  aolutioo  ;  these  are  sometimes  oiide  of  iron, 
or  sulphate  of  lime,  but  most  frequeotly  common  salt  and  nitrate  of 
Boda,  The  two  first  are  easily  separated  by  filtration  ;  the  third  ia  best 
separated  by  evaporating  the  solution  considerably,  until  much  salt  ha« 
been  deposited,  and  then  pouring  the  whole  upon  a  filler  of  tow  ;  the 
Bait  will  remain  od  it,  and  should  be  waahcil  by  wuter  to  separate  th« 
nitre,  which  water  should  be  added  to  the  liquor,  aud  the  whole  (hen 
brought  to  the  crystallizing  point.  When  cold,  the  crysluU  depoiitcd 
by  this  solution  are  lo  be  separated,  and  more  salt  separated  as  before, 
ontil  the  mother  liquor  is  divided  into  common  salt  and  nitre.  It  fre- 
quently happens  thai  the  cryst;ils  from  the  two  or  three  last  evapora- 
tions are  coloured  or  contaminated  by  the  adhesion  of  common  salt, 
sulphate  of  lime,  ^c. ;  in  this  case,  they  should  be  re-dissolved  and  re- 
crystallized  with  the  same  precautions  as  before.  Care  should  he  tak- 
en iu  drying  the  crystals,  especially  when  small  or  when  hastily  formed, 
that  no  water  remain  in  the  interstices  or  cleavages  between  them- 

Solution  of  pnre  nitre  is  not  rendered  turbid  either  by  nitrate  of  ail- 
Ter  or  nitrate  of  baryta. 

1378.  GunpaaidcT. — To  analyse  this  compound,  boil  it  with  four 
parts  of  water,  edulcorate  the  residue,  dry  it  at  212",  and  weigh  ;  the 
loss  indicates  the  nitre.  The  dry  residue,  composed  of  charcoal  and 
sulphur,  maybe  decomposed  by  spreading  it  upon  an  earthen  plate  and 
burning  off  the  sulphur  at  the  lowest  possible  heat ;  the  charcoal  will 
remain,  still  however  retaining  a  little  sulphur.  A  more  accurate  pro- 
cess consisla  in  introducing  the  mixlurc  into  a  small  retort  furnished 
with  a  stopcock,  exhausted,  and  filled  with  chlorine  ;  heat  applied  vo- 
latilizes the  chloride  of  sulphur  and  leaves  the  charcoal,  which  may 
be  washed,  dried,  and  weighed. 

1379.  Carbonate  of  Potaita. — Dr.  Henry  has  given  the  following  di- 
rections for  ascertaining  the  quantity  of  real  alcah  contained  in  the 
rough  alcahs  of  commerce  ;  the  process  depends  upon  their  saturat- 
ing power  in  respect  to  an  acid  of  known  density,  and  the  principle  of 
Ihe  analysis  has  been  aJready  adverted  to  (669,  600)  ;  his  directions, 
however,  are  of  such  practical  utility,  that  I  have,  with  his  permis- 
sion, transcribed  them.  "  Provide  a  tube,  nine  inches  and  a  half  long 
and  three  fourths  of  an  inch  internal  diameter,  provided  with  a  lip  for 
the  convenience  of  pouring,  and  a  glass  foot  to  support  it. 

"  A  tube  of  this  kind  holds  100O  grains  of  water,  and  (which  is  desi- 
rable) a  little  more.  To  graduate  it,  weigh  into  it  100  succesive  por- 
tions of  distilled  water  at  60"  Fahrenheit,  of  ten  graina  each  ;  or,  if 
the  lube  be  of  equal  bore  throughout,  it  may  be  sufficient  to  weigh  into 
it  ten  successive  portions  of  water  of  100  grains  each,  dividing  each 
of  Ihe  intermediate  spaces  into  ten  parts  by  a  pair  of  compasses. 
When  lOOU  grains  of  water  have  been  weighed  into  the  tube,  a  line 
may  be  drawn  with  a  file,  which  may  be  marked  0,  the  tenth  below 
this  10,  and  so  on. 

*'  The  test  acid,  which  I  prefer,  is  made  by  diluting  one  part  of  oil 
of  vitriol  of  commerce  of  sp.  gr.  1.849,  with  fourparts  of  water  ;  con- 
sequently, one  fifth  part  of  its  weight  is  concentrated  oil  of  vitriol,  and 
its  specific  gravity  is,  as  nearly  as  possible,  1.141.  Acid  of  thii 
strength  docs  not,  on  farther  dilution,  jivc  out  «Dy  heal,  that  can  be  a 
source  of  inaccuracy. 
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Igtt  of  Ae  above  diluted  acid  ;  and  ihtd  of  pure  soda,  733  grains; 

-*^Biy  other  equivalents,  that  may  be  likely  to  be  of  use. 

Hiving  mcertiined  the  proportion  of  sub-cnrbonat^  of  potasli  in 
wnpleof  pearhish,  it  is  easyto  tind,  by  the  sliding  scale,  its  equi- 
lU  V«™V^J  «f  pure  or  caustic  potash.  Thus,  supposing  the  pearl- 
wcontain  80  per  ceiu.  of  sub-carhonate,  that  numl)er  being  set  to 
"THMuite  of  potash  on  the  scale,  the  equivalent  in  pure  potash  is 
seen  to  be  65. 

^T?Jf  ^™?*"^  l>y  the  same  graduated  tube,  the  strength  of  any 

i^™* equivalent  is  known,  (which  is  the  reverse  of  the  foregoing 

-~J  we  must  put  lOO  grains  of  the  acid,  with  a  sufficient  quantity 

fi  into  a  goblet ;  and  use,  for  saturating  it,  its  equivalent  of  any 

or  example,  loo  grains  of  concentrated  oil  of  vitriol  rcquir- 

'qSmliT*^?  ^^^  grains  of  dry  sub-carbonate  of  soda,  dissolve  the 

^V  *b       *^^»^i  in  water  snlRcient  to  make  up  100  me;isuros  of 

me  tube  ;  then  pour  the  alraline  solution  to  the  acid  liquor, 

^if  18  neutralized  ;  and  the  number  of  meiu«urcs  which  have 

,^^    '  exactly  denote  the  strength  of  the  acid. 

^■j  wmetunes  be  desirable  to  know  the  proportion,  not  of  con- 

.         .   ^^^  acid,  but  of  acid  of  some  inferior  degree  of  3en- 

[i»  lyecimen  of  acid.     The  method  of  doing  this  will  best  be  ex- 

V*^  example.     Suppose  that  we  wish  to  know  the  equiva- 


^^    ..   ,  ..w ^« —  .^^  grams 

OWin.  In  acid  of  sp.  gr.  I.IGO  it  will  be  23.4  per  cent. ;  in  acid 
■P.p.  1.074,  it  will  be  1 1.     Then  23.4  :  100  :  :  1 1  :  47.    There- 
47  grains  of  muriatic  acid,  of  sp.  gr.  I.IGO,  are  equivalent,  in 
fi  to  100  of  sp.  gr.  1.074. 

Ochemical  operation  can  be  more  simple,  or  more  easily  managed, 
ttemeasurement  of  the  strength  of  alcalisby  acid  liquors,  and  of 
b^aicalitie  ones,  in  the  way  which  has  been  described.  The 
^be,  which  is  the  only  instrument,  required  for  that  purpose,  may 
Wat  any  glass-house,  and  may  easily  be  graduated  by  any  person 
"^  will  take  the  necessary  pains.  When  once  accurately  prepared, 
|-_  ill  be  found,  also,  useful  for  a  variety  of  other  purposes,  which 
™ftadily  present  themselves  to  the  practical  chemist." 
I 'Mo.  The  punfied  Carbonate  of  Fotassa  (5G0)  of  the  shops  should 
5  perfectly  soluble  in  twice  its  weight  of  cold  water.  It  often  con- 
^tilira,  sulphate  of  potassa,  chloride  of  potassium,  and  carbonate  of 
St;  To  detect  these,  dissolve  a  hundred  grains  in  nitric  acid  diluted 
Jl  eight  parts  of  water  :  the  silica,  if  any  be  present,  remains  un- 
^red :  separate  the  solution  into  three  equal  parts  ;  to  the  first, 
tiaitrate  of  baryta,  which  causes  a  precipitate  of  sulphate ;  collect, 
^lod  dry  it ;  100  parts  are  equivalent  to  74  of  sulphate  of  potas- 
h  lo  the  second,  add  nitrate  of  silver ;  100  grains  of  the  precipi- 
k^  washed  and  dried  at  a  dull  red  heat,  is  equivalent  to  52  of  chloride 
'poteuium  :  to  the  third,  add  oxalate  of  ammonia,  and  dry  the  cdul-^ 
mtd  precipitate  at  a  heat  of  :>00»  ;  100  parts  are  equal  to  77  of 
donate  of  lime. 

1381.  There  are  a  few  mineral  substances  which  contain  potassa  ; 
ras  first  detected  in  the  leuciu  by  Klaproth,  whose  analysis  of  that 
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<<  When  analcnii  is  to  be  examined,  find,  by  Dr.  Wollaston't  Scale  of 
Equivalents,  how  many  grains  of  oi|  of  vitriol  are  required  to  neutral- 
ize 100  grains  of  1vhatD^y  be  considered  the  proper  alcaline  ingredfi- 
enX  of  the  substance  in  question.  This,  in  pearUuhy  is  sub-carbonate  of 
potash ;  in  potash^  pure  potash  ;  in  barilla  or  kelpy  dry  sub-carbobate 
of  soda.  Let  us  take  pearlash  as  an  example.  On  referring  to  the 
scale,  we  find  that  100  grains  of  sub-carbonate  of  potash  are  equiva- 
lent to  71  grains  of  concentrated  oil  of  vitriol*.  Put,  therefore,  into 
the  test-tabe  a  quantity  of  the  dilute  acid  containing  71  grains  of  con- 
centrated acid,  viV.,  355  grains  ;  and  to  spare  the  trouble,  on  any  fu- 
ture occasion,  of  weighing  the  acid,  let  a  line  be  drawn  with  a  file  on 
the  blank  side  of  the  tube,  at  the  level  of  the  acid  liquor,  which  may 
be  marked  Equiv,  ofSubc.  Pot, 

*'  Fill  up  tlie  tube  with  water  to  the  line  marked  0,  and  mix  the  acid 
and  water  completely  by  pouring  them  into  a  lipped  g^ass  vessel ;  stir- 
ring with  a  glass  rod  ;  and  then  returning  them  into  the  tube.  Now  as 
the  whole  100  measures  contain  a  quantity  of  oil  of  vitriol  equivalent 
to  100  grains  of  sub-carbonate  of  potash,  it  is  obvious  that  each  mea- 
sure of  the  liquor  in  the  tube  is  adequate  to  the  neutralization  of  one 
grain  of  the  sub-carbonate. 

*'  Let  200  grains,  taken  ont  of  a  fiiir  average  specimen  of  the  pearl- 
ash  to  be  examined,  be  dissolved  in  two  ounce  measures  of  warm  distill- 
ed water,  filter  the  solution ;  and  wash  the  filter  with  two  ounces 
more  of  water,  which  is  best  applied  to  the  margin  of  the  paper,  by 
menus  of  a  dropping  bottle.  Add  the  washings  to  the  solution,  and 
having  mixed  the  whole  together,  pour  one  half  into  a  tumbler  or  gob- 
let, reserving  the  other  half  for  a  repetition  of  the  experiment  if  ne- 
cessary. 

^*  To  the  liquor  in  the  glass  goblet,  add  the  diluted  acid  very  gra- 
dually, making  the  additions  more  and  more  slowly  towards  the  last. 
As  soon  as  the  point  of  neutralization  is  attained,  which  will  be  shown 
by  the  cessation  of  a  change  of  colour  in  slips  of  litmus  and  of  turme- 
ric paper  dipped,  from  time  to  time,  into  the  liquor,  no  more  acid 
must  be  added.  It  is  proper,  however,  the  operator  should  be  aware, 
that  there  will  often  be  an  apparent  excess  ottest  acid,  in  consequence 
of  the  carbonic  acid,  which  is  disengaged,  acting  on  the  litmus  paper. 
To  avoid  this  source  of  error,  it  is  advisable,  towards  the  last,  to  warm 
the  liquor,  by  setting  the  glass  containing  it  for  half  an  hour  near  the 
fire,  and  while  thus  warmed,  to  add  very  cautiously  the  rest  of  the 
acid  required  for  saturation.  This  point  being  attained,  the  number  on 
the  test-tube,  at  the  level  of  the  acid  remaining  in  it,  shows  at  once, 
without  any  calculation,  how  much  per  cent,  of  sub-carbonate  of  potash 
is  contained  in  the  pearlash  under  examination.  In  the  samples  1  have 
tried,  it  has  generally  been  about  80  per  cent. 

^'  In  operating  on  barilla,  kelp,  or  any  variety  of  the  mineral  alcali« 
the  process  is  exactly  the  same,  except  that  as  931  of  oil  of  vitriol  are 
equivalent  to  100  of  sub-carbonate  of  soda,  we  must  take  93X5=465 
grains,  of  sulphuric  acid  of  density  1.141.  This  may  be  marked  on 
the  tube.  Equivalent  of  Subearbonate  of  Soda.  In  a  similar  mimncrp 
we  may  mark  on  the  tube  the  equivalent  of  pure  poia$hy  vtr.,  520 


*  Dr.  Ure  mak^  it  70.4. — Jovm,  qf  Science,  iv.  U^. 

f  Accurdioj;  to  Dr.  t're,  91.4  b  thie  true  equivalcat.— Jour/i.  of  SciencCt^c.  iv.  liy. 


AKALYSIS  OF  MINERAL*).  339 

grains  of  the  above  diluted  acid  ;  and  that  of  pure  soda,  783  gi-ains  ; 
with  any  other  equivalents,  that  may  be  likely  to  be  of  use. 

**  Having  ascertained  the  proportion  of  sub-carbonate  of  potash  in 
any  sample  of  pearlash,  it  is  casy*to  iind,  by  the  sliding  scale,  its  equi- 
valent quantity  of  pure  or  caustic  potash.  Thus,  supposing  the  pearl- 
ash  to  contain  80  per  cent,  of  sub-carbonate,  that  number  being  set  to 
8ub-carbonate  of  potash  on  the  scale,  the  equivalent  in  pure  potash  is 
at  once  seen  to  be  65. 

••  To  determine,  by  the  same  graduated  tube,  the  strength  of  any 
acid  ivhose  equivalent  is  known,  (which  is  the  reverse  of  the  foregoing 
process)  we  must  put  100  grains  of  the  acid,  with  a  sufficient  quantity 
of  water,  into  a  goblet ;  and  use,  for  saturating  it,  its  eouivalent  of  any 
alcali.  For  example,  100  grains  of  concentrated  oil  of  vitriol  requir- 
ing for  saturation  108  grains  of  dry  sub-carbonate  of  soda,  dissolve  the 
latter  quantity  of  alcali  in  water  sulFicient  to  make  up  100  measures  of 
tolution  in  the  tube  ;  then  pour  the  alcaline  solution  to  the  acid  liquor, 
till  the  latter  is  neutralized  ;  and  the  number  of  measures  which  have 
been  expended,  exactly  denote  the  strength  of  the  acid. 

**  It  may  sometimes  be  desirable  to  know  the  proportion,  not  of  con- 
centrated or  of  real  acid,  but  of  acid  of  some  inferior  degree  of  den- 
sity, in  a  specimen  of  acid.  The  method  of  doing  this  will  best  be  ex- 
plained by  an  example.  Suppose  that  we  wish  to  know  the  equiva- 
lent, in  muriatic  acid  of  sp.  gr.  1.1  GO,  to  100  grains  of  the  same  acid 
of  sp.  gr.  1.074  ;  find,  by  the  alcaline  test,  or  by  referring  to  the  ta- 
bles in  the  Appendix,  how  much  real  acid  100  grains  of  both  those 
acids  contain.  In  acid  of  sp.  gr.  1.160  it  will  be  S3.4  per  cent, ;  in  acid 
of  sp.  gr.  1.074,  it  will  be  1 1.  Then  23.4  :  100  : :  11  :  47.  There- 
fore 47  grains  of  muriatic  acid,  of  sp.  gr.  I.IGO,  are  equivalent,  in 
acidity,  to  100  of  sp.  gr.  1.074. 

"  No  chemical  operation  can  be  more  simple,  or  more  easily  managed, 
than  the  measurement  of  the  strength  of  alcidis  by  acid  liquors,  and  of 
acids  by  alcaline  ones,  in  the  way  which  has  been  described.  The 
test-tube,  which  is  the  only  instrument,  required  for  that  purpose,  may 
be  had  at  any  glass-house,  and  may  easily  be  graduated  by  any  person 
who  will  take  the  necessary  pains.  When  once  accurately  prepared, 
it  will  be  found,  also,  useful  for  a  variety  of  other  purposes,  which 
will  readily  present  themselves  to  the  practical  chemist." 

1380.  The  purified  Carbonate  of  Potasta  (569)  of  the  shops  should 
be  perfectly  soluble  in  twice  its  weight  of  cold  water.  It  often  con- 
tains silica^  sulphate  of  potassa,  cJdoride  of  potassium,  and  carbonate  of 
lime.  To  detect  these,  dissolve  a  hundred  grains  in  nitric  acid  diluted 
with  eight  parts  of  water  :  the  silica,  if  any  be  present,  remains  un- 
dissolved :  separate  the  solution  into  three  equal  parts ;  to  the  first, 
add  nitrate  of  baryta,  which  causes  a  precipitate  of  Bulphate ;  collect, 
wash,  and  dry  it ;  100  parts  are  equivalent  to  74  of  sulphate  of  potas- 
sa :  to  the  second,  add  nitrate  of  silver ;  100  grains  of  the  precipi- 
tate, washed  and  dried  at  a  dull  red  heat,  is  equivalent  to  52  of  chloride 
of  potassium  :  to  the  third,  add  oxalate  of  ammonia,  and  dry  the  edul- 
corated precipitate  at  a  beat  of  300*  ;  100  parts  are  equal  to  77  of 
carbonate  of  lime. 

1381.  There  are  a  few  mineral  substance^  which  contain  potassa  ; 
it  was  first  detected  in  the  Uucite  by  Klaprotb,  wboae  analysis  of  that 
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mineral  may  be  adTantageoosly  consulted  by  the  student.    (Anrtjfticat 
Essays^  i.  348.)     It  consists  of 

Silica 53.760 

Alomioa 24.625 

Pdtaasa  .,«,*..    21.360 

99.725 

There  are  two  modes  of  analysis  which  inay  be  practised  open  sach 
fninerals ;  they  may  either  be  directly  acted  upon  by  acids :  mr  fused 
with  baryta,  and  afterwards  submitted  to  acid  solutipn. 

▲.  100  grains  of  leucite  in  very  fine  powder  were  digested  for  dx 
hours  in  muriatic  acid,  which  was  then  decanted  off  and  the  residue 
washed  upon  a  filter^  the  washings  being  mixed  with  the  solution*  The 
residue  weighed  60  grains,  (a.^ 

B.  The  muriatic  solutipn  was  supersaturated  with  pure  ammonia, 
which  occasioned  a  bulky  brownish  precipitate  (b)^  which  wiis  collect- 
ed, washed,  and  dried  ;  it  amounted  to  12.5  grams. 

c.  Carbonate  of  ammonia  produced  no  change  in  the  last-mentioned 
filtrated  liquor,  which  was  therefore  evaporated  to  dryness  and  the 
residue  exposed  to  a  red  heat  in  a  platinum  crucible  ;  it  was  th^  com- 
pletely re-dissolved  in  water  ai|d  again  evaporated  to  dryness ;  it  had 
the  characters  of  chloride  of  ppUssium  (c),  and  weighed  41  ^^rains. 

D.  The  residue  a  a  was  fused  with  three  parts  of  potassa  m.  a  silver 
crucible,  the  fused  mass  dissolved  in  water,  supersaturated  with  muria- 
tic acid,  evaporated  to  dryness,  and  again  digested  40  water ;  there  re- 
mained 68.6  grains  of  dry  and  pure  silica. 

E.  The  precipitate  b  b  was  entirely  soluble  in  pure  solution  of  po-; 
tassa,  with  the  exception  of  a  trace  of  oxide  of  iron.  Being  a^uii 
thrown  down  by  n^uriate  of  ammonia,  it  was  found  to  be  pure  alumina. 

F.  The  chloride  of  potassium  €  c  was  decomposed  in  a  platinum  cru- 
cible by  sulphuric  acid,  and  it  afforded  48  grains  of  sulphate  of  potassa, 
ivhich  is  eqivajent  to  26  of  potassa. 

The  result  of  this  analysis  differs  in  the  proportions  of  the  compo- 
nents from  that  of  Klaproth  ;  it  may  be  stated  as  follows  : 

Silica,  A  a .  •  68.6  grains 

Alunnna  with  a  >     ,  «  -  o  e 
trace  of  iron  ) 

Potassa,  ccF 26« 

Loss J, 


100. 


1382.  It  mav  here  be  remarked,  that  the  existence  of  potassa,  soda, 
and  lithia  in  mmerals,  is  generally  first  indicated  by  the  great  apparent 
loss  which  is  sustained  upon  collecting  and  weighing  their  precipitable 
components  :  thus,  if  in  any  case  of  analysis  we  lose  upon  the  aggre- 
gate weight  of  the  precipitates,  more  than  2  or  3  ptr  cent, ,  we  may  sus- 
pect the  existence  of  the  fixed  alcalis,  and  direct  our  attention  accord- 
ingly to  their  detection.  It  also  generally  happens,  that  minerals  which 
contain  any  considerable  proportion  of  fixed  alcaline  substances,  are 
remarkable  for  the  fiiciUrjr  ^ith  which  they  enter  into  fusif  n  before  the 
Woiv-pipe, 
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Section  IL    Of  ike  Combinatiani  of  Sodium. 

13S3.  Pure  Soda  (577)  may  be  tested  in  the  same  way  as  pare  po-ToainiagiMi 
tassa.    The  presence  of  potassa  in  soda  may  lie  detected  by  adding  toSil^^^  ^ 
its  aeneous  solution  muriate  of  platinum,  which  forms  a  buff-coloured 
precipitate  if  potassa  be  present. 

1384.  Chloride  of  Sodivfn.  (679).  The  usual  impurities  of  sea  saltTopaifj* 
are  muriaiet  of  ffuigneria  and  lime.    Dissolve  100  grains  in  an  ounce 

ef  water»  and  add  carbonate  of  ammonia,  which  throws  down  carbonate 
of  lime,  )00  parts  of  which,  washed  and  dried  at  300^,  are  equivalent 
to  110  of  dry  muriate  of  lime  (chloride  of  calcium).  Boil  the  filter- 
ed liquor  nearly  to  dryness,  and  carbonate  of  magnesia  falls,  of  which 
100  parts  are  equal  to  about  134  of  diy  muriate  of  magnesia. 

1385.  Sulphate  of  Soda. — This  salt  in  the  form  of  crystals,  may  beA<»>n>««t 
analyzed  as  follows  :  Weigh  off  100  grains,  and  introduce  it  into  a  pla- 
tinum crucible,  previously  weighed  ;  place  it  in  a  sand  heat,  and  gra- 
dually give  it  a  red  heat  for  half  an  hour ;  when  cold  ascertain  the  loss 

of  weight,  which  is  water  of  crystallization,  (a).  Pour  two  ounces  of 
water  ^pon  the  dry  salt,  and  wheQ  perfectly  dissolved  add  solution  of 
nitrate  of  baryta  as  long  as  it  occasions  any  precipitate ;  edulcorate, 
dry,  and  weigh  the  sulphate  of  baryta  thrown  down  (6),  of  which  100 
parts  indicate  34  of  sulphuric  acid.  The  filtered  liquor  contains  the 
soda,  now  in  the  state  of  nitrate,  and  any  excess  of  nitrate  of  baryta 
that  might  have  been  added :  evaporate  it  to  dryness,  expose  the  resi- 
due to  a  red  heat  for  half  an  hour  in  a  platinum  crucible,  by  which 
the  acid  will  be  expelled,  and  a  mixture  of  soda  and  baryta  remain  ; 
pour  upon  it  dilute  sulphuric  acid,  which  forms  sulphate  of  soda  and 
sulphate  of  baryta ;  the  latter,  being  insoluble,  is  separated  by  filtra- 
tion; the  filtered  solution  of  regenerated  sulphate  of  soda  should 
afford  on  evaporation  and  expulsion  of  water  as  above  directed,  a  quan- 
tity of  sulphate,  exactly  equal  to  that  of  the  process,  (a).  Thus  it 
}H'i\\  be  found  that  100  grains  of  sulphate  of  soda  in  crystals,  afford  of 

Water 66.00 

Sulphuric  acid 24.75 

Soda ,  .  .  .  .  19.25 

1386.  Sulphate  of  soda  is  seldom  sophisticated  ;  it  should  not  change 
the  colour  of  litmus  or  turmeric  ;  it  sometimes  contains  a  little  iron, 
which  interferes  with  some  of  its  pharmaceutical  uses ;  this  may  be 
detected  by  adding  tincture  of  galls  to  the  aqueous  solution  of  the  salt^ 
slightly  acidulated  by  nitric  acid,  when  it  occasions  a  black  cloud. 
Sea  salt  is  discovered  in  solution  of  sulphate  of  soda,  by  the  addition 
of  sulphate  of  silver  ;  salts  of  lime  are  shown  by  the'  precipitate  of 
carbonate  of  lime,  occasioned  by  carbonate  of  ammonia.  Sulphate  of 
potassa  is  recognised  by  its  sparing  solubility. 

1387.  Carbonate  of  Soda.— The  analysis  of  kelp  and  barilla  has  been 
above  referred  to.  (page  338.) 

The  carbonate  ot  soda  of  the  shops  {iodm  suheartonas  of  the  Phar* 
fnacopaia)y  often  contains  eulphate  of  ioda  and  tea  eali;  to  discover  jtBai/iUof. 
these,  saturate  a  given  weight  of  the  salt  with  pure  dilute  nitric  acid. 
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nod  divide  the  solation  into  two  parts :  to  one  add  nitrate  of  barjtt, 
which  gives  a  precipitate  of  sulphate  of  baryta ;  to  the  other  add  ni- 
trate of  silver,  which  throws  down  chloride  of  silver,  o(  which  100 
parts,  properly  washed  and  dried,  are  equal  to  41  of  sea  salt 

If  carbonate  of  soda  contain  carbonaU  of  patasta^  its  presence  is 
•howD  by  adding  to  a  saturated  solution  of  the  carbonate,  a  saturated 
•dntioD  of  tartaric  acid  in  txct$»;  a  precipitation  of  crystalline  grains 
of  bi-tartrate  of  potassa  ensues  if  potassa  be  present. 

1388.  Bi'carbonate  of  Soda  is  frequently  mixed  with  carbonate  of 
foda ;  and  it  is  difficult  to  detect  the  proportion  of  the  latter,  in  conse- 
quence of  ^e  quantity  of  water  in  the  bi-carbonate,  not  having  been 
accurately  ascertained.  The  composition  of  the  dry  bi-carbonate  is 
given  above.  (601). 

13S9.  Borate  ofSoday  or  borax,  is  sometimes  adulterated  by  common 
salt,  and  by  alum.  To  detect  these,  dissolve  a  portion  of  the  salt  in 
water,  and  add  slight  excess  of  nitric  acid.  Test  this  solution  by  ni- 
trate of  silver  for  the  discovery  of  sea  salt ;  and  by  nitrate  of  baryta 
fer  sulphuric  acid. 

1390.  There  are  several  minerals  which  contain  soda;  the  following 
analysis  of  the  sodalite,  by  Dr.  Thomson,  may  be  taken  as  an  instance 
•f  one  mode  of  proceeding  in  these  cases. — Phil.  Mag,^  xxxvii.  p.  303 ; 
«r.  Transitions  of  the  Royal  Society  of  Edinburgh. 

**  100  grains  of  the  mineral,  reduced  to  a  fine  powder,  were  mixed 
with  200  grains  of  pure  soda,  and  exposed  for  an  honr  to  a  strong  red 
lieat  in  a  platinum  crucible.  The  mixture  melted,  and  assumed,  when 
cold,  a  beautifiul  grass-green  colour.  When  softened  with  water,  the 
portion  adhering  to  the  sides  of  the  crucible,  acquired  a  fine  brownish 
yellow.  Nitric  acid  being  poured  upon  it,  a  complete  solution  was  ob- 
tained. Suspecting  from  the  appearance  which  the  fused  mass  assumed , 
that  it  might  contain  chromium,  I  neutralized  the  solution  as  nearly  as 
possible  with  ammonia,  and  then  poured  into  it  a  recently  prepared  ni- 
trate of  mercury.  A  white  precipitate  fell,  which  being  dried  and  ex- 
posed to  a  heat  rather  under  redness,  Wcis  all  dissipated,  except  a  small 
portion  of  grey  matter,  not  weighing  quite  0. 1  grain.  This  matter  W9» 
insoluble  in  acids,  but  became  white.  With  potash  it  fused  into  a  co- 
lourless glass.  Hence  I  consider  it  as  silica.  This  experiment  shoivs 
that  no  chromium  was  present.  I  was  at  a  loss  to  account  for  the  pre- 
cipitate thrown  down  by  the  nitrate  of  mercury.  But  Mr.  Allan  hav- 
ing shown  me  a  letter  from  Ekebcrg,  in  which  he  mentions  that  he  had 
detected  muriatic  acid  in  sodalite,  it  was  easy  to  see  that  the  whole 
precipitate  was  calomel.  The  white  powder  weighed  26  grains,  indi- 
cating, according  to  the  analysis  of  Chenevix,  about  3  grains  of  muriatic 
acid. 

^  The  solution,  thus  freed  from  muriatic  acid,  being  concentrated  by 
evaporation,  gelatinized.  It  was  evaporated  nearly  to  dryness,  the  dry 
mass  digested  in  hot  water,  acidulated  with  nitric  acid,  and  poured  upon 
the  filter,  was  washed,  dried,  and  heated  to  redness.  It  weighed  37.2 
grains,  and  was  silica.  The  liquor  which  had  passed  through  the  filter 
was  supersaturated  with  carbonate  of  potash,  and  the  copious  white 
precipitate  which  fell,  collected  by  the  filter,  and  boiled,  while  yet  moist, 
in  potash-ley.  The  bulk  diminished  greatly,  and  the  undissolved  por- 
tion assumed  a  black  colour,  owing  to  some  oxide  of  mercury  with 
which  it  was  contaminalad    The  potash-ley  beiiig  passed  through  the 
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filter,  to  free  it  from  the  undissolved  matter*  was  mixed  with  asofficietit 
quantity  of  sal-ammoniac.  A  copious  wliite  precipitate  fell,  which 
being  collected,  washed,  dried,  and  heated  to  redness,  weighed  27.7 
grains.  This  powder  being  digested  in  sulphuric  acid,  dissolved  except 
0.22  igrain  of  silica.  Sulphate  of  potash  being  added,  and  the  solution 
met  aside,  it  yielded  alum  crystals  to  the  very  last  drop.  Hence  the 
S7.48  grains  of  dissolved  powder  were  alumina. 

<<  The  black  residue,  which  the  potash-ley  had  not  taken  up,  was 
dissolved  in  diluted  sulphuric  acid.  The  solution  being  evaporated  to 
dryness,  and  the  residue  digested  in  hot  water,  a  white  soil  powder  re- 
mained, which,  heated  to  redness,  weighed  3.6  grains,  and  was  sulphate 
of  lime,  equivalent  to  about  2  grains  of  lime. 

"  The  liquid  from  which  the  sulphate  of  lime  was  separated,  being 
exactly  neutralized  by  ammonia,  succinate  of  ammonia  was  dropped  in» 
a  brownish  red  precipitate  fell,  which  being  heated  to  redness  in  a  co- 
vered crucible,  weighed  1  grain,  and  was  black  oxide  of  iron. 

"  The  residual  liquor  being  now  examined  bj  different  re-agents,  no- 
thing further  could  be  precipitated  from  it.  The  liquid  from  which 
the  alumina,  lime,  and  iron,  had  b^en  separated  by  carbonate  of  potash, 
being  boiled  for  some  time,  let  fall  a  small  quantity  of  yellow  coloured 
matter.  This  matter  being  digested  in  diluted  sulphuric  acid,  partlr 
dissolved  with  effervescence,  but  a  portion  remained  undissolv^, 
weighing  1  grain.  It  was  insoluble  in  acids,  and  with  potash  melted 
into  a  colourless  glass.  It  was  therefore  silica.  The  sulphuric  acid 
solution  being  evaporated  to  dryness,  left  a  residue  which  possessed 
the  properties  of  sulphate  of  lime,  and  which  weighed  L2  grains, 
equivalent  to  about  0.7  grain  of  lime. 

**  The  constituents  obtained  by  the  preceding  analysis  being  obvious- 
ly defective,  it  remained  to  examine  whether  the  mineral,  according  to 
the  conjecture  of  Boumon,  contained  an  alcali.  For  this  purpose  100 
grains  of  it,  reduced  to  a  fine  powder,  and  mixed  with  500  grains  of 
nitrate  of  barytes,  were  exposed  for  an  hour  to  a  red  heat  in  a  porce- 
lain crucible.  The  fused  mass  was  softened  with  water,  and  heated 
with  muriatic  acid.  The  whole  dissolved  except  25  grains  of  a  white 
powder,  which  proved  on  examination  to  be  silica.  The  muriatic  acid 
solution  was  mixed  with  sulphuric  acid,  evaporated  to  dryness,  the  re- 
sidue digested  in  hot  water,  and  filtered  to  separate  the  sulphate  of  ba- 
rytes.  The  liquid  was  now  mixed  with  an  excess  of  carbonate  of  am-  ' 
monia,  boiled  for  an  instant  or  two,  and  then  filtered,  to  separate  the 
earth  and  iron  precipitated  by  the  ammonia.  The  liquid  was  evapo- . 
rated  to  dryness,  and  the  dry  mass  obtained  exposed  to  a  red  heat  in  a 
silver  crucible.  The  residue  was  dissolved  in  water,  and  exposed  in 
the  open  air  to  spontaneous  evaporation.  The  whole  gradually  shot 
into  regular  crystals  of  sulphate  of  soda.  This  salt  being  exposed  to 
a  strong  red  heat,  weighed  50  grainy,  indicating,  according  Berth<^- 
let's  late  analysis,  23,5  grains  of  pure  soda.  It  deserves  to  be  mention- 
ed, that  during  this  process  the  silver  crucible  was  acted  on,  and  a 
small  portion  of  it  was  afterwards  found  among  the  sulphate  of  soda. 

''  This  portion  was  separated  before  the  sulphate  of  soda  was 
weighed. 

"  The  preceeding  analysis  gives  us  the  constituents  of  sodalite  as 
follows : 
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SiUca 98.52 

Alumiiui    • 27.48 

Lime 2.70 

Oxide  of  iron 1.00 

Soda 23.60 

Moriaticadd  .•.••...    3.00 

Volatile  matter 2.10 

Loss 1.70 


100.00 


'*  Mr.  Allan  sent  a  specimen  of  this  mineral  to  Mr.  Ekeberg,  who 
analyzed  it  in  the  coarse  of  last  summer.  The  constituents  which  he 
ohtamedy  as  he  states  them  in  a  letter  to  Mr.  Allan,  are  as  follows : 

Silica 36. 

Alumina 32. 

Soda 25. 

Muriatic  acid 6.75 

Oldie  of  iron 0.25 


100.00 


**  This  result  does  not  differ  much  from  mine.  The  quantity  of 
muriatic  acid  is  much  greater  than  min^.  The  line  and  the  Tolatile 
matter  which  I  obtained  escaped  his  not^e  alti^ther.  If  we  were  to 
add  them  to  the  alumina  it  would  mak^  the  two  analyses  almost  the 
same.  No  mineral  has  hitherto  been  iound  containing  nearly  so  much 
soda  as  this.  Hence  the  reason  of  the  name  by  which  I  have  distin- 
guished it." 


Section  III.    Of  the  Combinations  of  Lithium, 

1391.  LiTRiVM  (607)  has  been  found  in  a  very  few  minerals  only. 
It  is  contained  in  largest  quantity  in  the  triphane  or  spodumency  which 
consists  of 

Silica 66. 

Alumina *  .  .  .  •  25. 

Lithia 9. 

A  trace  of  oxide  of  iron.     — 

100. 

Triphane  has. been  found  in  Sweden,  in  the  Tyro),  and  in  Ireland. 
Its  colour  is  greyish  green ;  it  is  translucent,  hard,  and  brittle  :  specific 
gravity  3.2.  It  occurs  massive,  and  its  structure  is  lamellar,  and  fib* 
rous. 

PetalUcy  according  to  the  corrected  analysis  of  M.  Arfwedson,  con* 
sists  of 

SiUca 77. 

Alumina 17. 

Lithia .*....    6. 


% 


100. 
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Petalite  has  hitherto  been  found  in  Sweden  only :  its  colours  are 
reddish,  greenish,  or  grayish  white.  It  is  translucent,  lamellar,  and 
hard  :  specific  gravity  2.6. 

1392.  These  minerals  maybe  analyzed  by  the  following  process : 

Reduce  50  grains,  in  an  agate  or  steel  mortar,  to  a  very  fine  and  impal- Awijsir. 
pable  powder,  and  mix  it  with  thrice  its  weight  of  precipitated  carbon- 
ate of  baryta  ;  give  the  mixture  a  red  heat  for  an  hour  in  a  silver  cru- 
cible, wash  out  the  contents,  add  a  small  excess  of  muriatic  acid,  and 
evaporate  to  dryness  ;  boil  the  dry  residue  in  12  parts  of  water,  and 
filter  when  cold  ;  the  silica  will  remain  on  the  filter,  and  may  be  wasl^ 
cd,  ignited,  and  weighed. 

The  filtered  liquor(a)  holds  the  muriates  of  baryta,  alumina,  iron,  and 
lithia  :  add  solution  of  sulphate  of  ammonia  as  long  as  it  occasions  a 
precipitate,  which  separate,  and  wash,  adding  the  washings  to  the  filter- 
ed liquor  (6)  ;  the  baryta  is  thus  removed  in  the  state  of  sulphate. 

To  the  nltered  solution  (6)  add  carbonate  of  ammonia,  to  throw 
down  the  alumina  and  iron,  which  collect,  and  wash,  adding  the  wash- 
ings, to  the  third  filtered  liquor  (c).  The  mixed  precipitate  of  alumi- 
na and  oxide  of  iron  may  be  digested  in  potassa,  which  takes  up  the 
former,  leaving  the  oxide  of  iron  to  be  collected,  washed,  ignited,  and 
weighed.  * 

Evaporate  the  filtered  solution  (c)  to  dryness,  and  ignite  the  residu- 
um in  a  silver  crucible  ;  the  ammoniacal  salts  are  driven  off,  and  pure 
chloride  of  lithium  remains,  from  which  the  lithia  maybe  obtained  by 
carbonate  of  silver,  as  above  stated  (607). 


Section  IV.     Of  the  Combinations  of  Calcium. 

1393.  For  the  manufacture  of  mortar,  lime  should  be  entirely  free 
fi*om  carbonic  acid,  the  presence  of  which  is  ascertained  by  the  effer- 
vescence occasioned  on  adding  muriatic  acid  to  a  portion  of  the  lime 
slaked  in,  and  diffused  through,  water. 

1.S91.  To  ascertain  the  quantity  of  carbonic  acid  in  carbonate  of ftnantity  or 
lime,  or  other  carbonate,  proceed  as  follows:  Provide  a  thin  light  ^ 
phial,  capable  of  holding  about  six  ounces,  with  a  mouth  of  half  an 
inch  diameter  :  pour  into  this  phial  one  ounce  of  nitric  acid,  diluted 
with  its  bulk  of  water,  taking  care  not  to  soil  the  neck  ;  stop  it  with  a 
plug  of  cotton  wool,  and  counter-balance  the  whole  in  the  scale  of 
a  delicate  beam.  Having  now  weighed  off  100  grains  of  the  carbon- 
ate, place  a  hundred  grain  weight  in  the  scale  with  the  counterpoise, 
and  carefully  introduce  the  carbonate,  broken  into  pieces,  into  the 
acid  ;  stop  the  phial  loosely  wi(ii  the  wool,  and  suffer  the  carbonate  to 
dissolve  ;  during  this  operation  the  carbonic  acid  will  escape  through 
the  cotton  plug,  which  prevents  any  particles  of  liquid  being  thrown 
out  during  the  effervescence,  and  the  counterpoise  scale  will  prepon- 
derate in  consequence  of  the  loss  of  weight  sustained  by  the  carbonate 
from  the  evolution  of  its  carbonic  acid.  When  the  solution  is  complete, 
open  the  phial,  and  blow  through  it  by  a  glass  tube,  so  as  to  displace 
the  included  atmosphere*;  replace  the  plug,  and  bring  the  balance  to 

3  A 
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mi  equipoise  by  adding  weights  to  the  scale  containing  the  phial,  which 
weights  will  show  the  quantity  of  carbonic  acid  lost  by  100  grains  of 
the  carbonate.  If  pure  carbonate  of  lime  be  employed,  the  loss  will 
amount  to  44  grains. 

1396.  We  will  suppose,  however,  that  a  limestone  has  been  ope- 
rated on  not  perfectly  soluble  in  the  acid,  and  containing  magnesia  and 
alumina ;  the  other  steps  of  the  analjrsis  are  as  follow  : 

The  insoluble  portion  must  be  separated  by  decantation,  coDected 
upon  a  filter,  washed  and  dried,  the  washings  being  added  to  the  origi- 
nal solution.     It  is  probably  silica. 

The  solution  we  will  suppose  to  contain  lime,  magnesia,  and  alumi- 
na ;  to  separate  these  earths,  add  carbonate  of  potassa  in  very  slight 
excess ;  boil  the  mixture,  collect  and  wash  the  precipitate,  which  will 
consist  of  the  carbonates  of  lime  and  magnesia,  and  alumina ;  digest  it 
while  moist  in  solution  of  pure  potassa,  which  dissolves  out  the  alumi- 
na ;  pour  the  whole  upon  a  filter,  washing  the  insoluble  portion  and 
add  to  the  filtered  liquid  (which  is  the  alcaline  solution  of  alumina)  a 
sUght  excess  of  oxalic  acid ;  collect,  wash,  and  dry  the  precipitate,  at 
a  red  heat,  in  a  platinum  crucible,  and  weigh  it ;  it  is  pure  alumina. 
The  separation  of  the  magnesia  and  lime  may  be  effected  by  tlie  pro- 
cess above  described  (699). 

1396.  The  analysis  of  aulphaU  of  lime  (633)  may  be  eficcted  by  an 
alcaline  carbonate  as  follows  : 

Aniiji'itof  Reduce  50  grains  of  the  sulphate  to  a  very  fine  powder,  and  boil  it 
jjjljjl^*''  for  half  an  hour  in  a  Florence  flask,  with  100  grains  of  carbonate  of 
soda,  dissolved  in  four  ounces  of  water  ;  the  lime  will  thus  be  con- 
verted into  carbonate,  which,  collected  upon  a  filter,  washed,  and  dried 
at  500**,  will  give  either  by  inference,  or  analysis,  the  proportion  of 
lime. 

The  filtered  solution  will  contain  the  sulphuric  acid  of  the  sulphate, 
the  quantity  of  which  may  be  learned  by  adding  muriate  of  baryta,  and 
digesting  the  precipitate  in  dilute  muriatic  acid,  to  remove  any  carbo- 
nate of  hurvta ;  the  insoluble  residuum,  washed  and  duly  dried,  gives 
the  equivalent  of  the  sulphuric  acid. 

The  proportion  of  water  of  crystallization  in  the  sulphates  of  lime, 
may  be  arrived  at  by  exposing  100  parts  in  fine  powder,  to  a  red  heat ; 
the  loss  indicates  the  quantity  of  water  per  cent. 

1397.  The  analysis  of  a  mixture  of  carbonate  and  phosphate  of  lime 
may  be  performed  in  the  following  manner : 

Dissolve  in  dilute  nitric  acid,  and  add  pure  ammonia  to  the  solution, 
which  causes  a  precipitate  of  phosphate  of  hme,  equivalent,  when 
dry,  to  that  existing  in  the  original  mixture. 

Having  separated  the  phosphate  by  filtration,  add  carbonate  of  am- 
monia, which  throws  down  carbonate  of  lime  ;  collect,  wash,  and  dry 
it. 

1398.  It  is  generally  supposed  that  the  quantity  of  acid  and  of  base 
in  phosphate  of  lime  may  be  learned  by  the  following  process :  Dis- 
solve 60  grains  of  the  phosphate  in  as  small  a  quantity  as  will  take  it 
up  of  nitric  acid,  diluted  with  its  bulk  of  water:  to  this  solution  add 
oxalate  of  anmionia,  which  will  cause  a  precipitate  of  oxalate  of  lime, 
which  may  be  separated,  ignited  to  whiteness,  and  weighed ;  it  gives 
the  pure  lime. 

Phosphate  of  ammonia  is  retained  in  the  solution,  which,  evaporat- 


COMPOUlfDS  or  BiJLYTA.  34  4 

€d  to  dryoeis,  irnd  healed  red  hot  in  a  platioum  cracible ,  gives  pare 
|ibo8phohc  acid :  or,  the  solution  may  be  decomposed  by  the  addition 
of  nitrate  of  lead ;  which  gives  an  insoluble  phosphate  of  lead,  of 
which.  100  parts  indicate  about  20  of  phosphoric  acid.  But  phosphate 
of  lime  is  only  partially  decomposed  by  oxalate  of  ammonia  and  nitrate 
of  lead.  Phosphate  of  lime  boiled  with  carbonate  of  potassa,  gives 
fise  to  the  production  of  carbonate  of  lime  and  phosphate  of  potassa. 

1399.  No  accurate  analysis  has  hitherto  been  made  oifluor  tpof 
^646) ;  and  we  are  ignorant  of  the  nature  of  the  colouring  principle 
of  the  blue  variety ;  it  fides  by  exposure  to  light,  and  is  destroyed  by 
a  heat  below  redness. 

When  100  grains  of  pure  and  colourless  fluor  spar,  previously  heat- 
ed red  hot,  are  boiled  to  dryness  in  a  silver  crucible,  with  200  of  sul- 
puric  acid,  and  the  dry  mass  exposed  to  a  red  heat,  190  parts  of  dry 
sulphate  of  lime  are  obtained,  equivalent  to  about  78  of  lime.  If  we 
rei^urd  fluor  spar  as  a  fluoride  of  calcium,  the  78  of  lime  being  equi* 
valent  to  66  of  calcium,  would  give  the  composition  of  that  substance 

56  calcium 

44  fluorine 
and  56  :  44  :  :  20  :  15.7.    Upon  this  datum  the  number  16  has  been 
above  adopted  as  the  representative  of  fluorine. 

1400.  The  number  28.,  as  the  equivalent  of  lime,  is  that  given  by 
Dr.  Wdlaston  in  his  valuable  observations  upon  the  synoptic  scale  of 
chemical  equivalents,  and  regarding  it  as  contaming  one  third  the  quan- 
tity of  oxygen  existing  in  th^  proportion  of  sulphuric  acid  that  com- 
bines with  it  to  form  sulphate  of  lune,  the  number  20  may  be  regaxded 
ife  the  correct  equivalent  of  calcium. 


Section  V.     Of  the  Compounds  of  Barium. 

1401.  By  dissolving  100  grains  of  native  carbonate  of  baryta  (648), 
previously  dried  at  a  red  heat,  in  muriatic  acid,  with  the  precautions 
above-directed  (1393),  they  will  be  found  to  lose  22  grsBBi  of  carbonic 
acid  'j  hence  the  carbonate  consists  of 

Banfta 78 

Carbonic  acid    ....    22 

100 

If  we  now  precipitate  the  muriatic  solution  by  carbonate  of  ammo- 
nia, collect  the  precipitate  and  dry  it  at  a  dull  red  heat,  we  shall  find 
it  to  weigh  100  grains,  showing  that  the  composition  of  the  native  and 
artificial  carbonate  is  similar. 

If  we  precipitate  the  muriatic  solution  by  dilute  sulphuric  acid,  the 
precipitate  of  sulphate  of  baryta  properly  dried  wei^  118  grains  ; 
hence  the  artificial  sulphate  is  composed  of 

Baryta 70        ^        66 

Sulphuric  acid    ...    40  34 

118  100 
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100  graius  of  carbonate  of  baryta  dissolved  in  nitric  acid,  evaporateil 
to  dryness,  and  exposed  for  half  an  hoar  to  a  red  heat,  gave  78  graina 
of  pure  baryta. 

1402.  These  results,  which  closely  agree  with  the  original  analyses 
of  Dr.  Withering  (Phil.  TranM.,  1784),  and  of  Klaproth,  {Analytical 
Essays^  i.)  furnish  the  number  78.  as  the  representative  of  baryta,  for 
in  respect  to  the  sulphate,  40  :  78  :  :  40  :  78.  The  number  78.  above 
adopted  as  the  equivalent  of  baryta,  is  the  mean  of  three  analyses,  und 
probably  very  near  perfect  correctness.  Deducting  from  this  number 
one  third  of  the  weight  of  the  oxygen  in  sulphuric  acid  =  8  gives  70 
as  the  theoretical  equivalent  of  barium.      « 

1403.  The  only  compound  mineral  hitherto  discovered  containing 
baryta,  is  the  harmotome  or  cross*stone ;  in  that  from  Andreatberg, 
Klaproth  found 

Silica 49 

Alumina 16 

Baryta 18 

Water 16 

98 

The  analysis  of  this  compound  may  be  made  by  fusing  it  in  fine  pow- 
der with  potassa,  solution  in  muriatic  acid,  and  evaporation  to  dryness  ; 
pour  water  upon  the  dry  mass,  which  leaves  silica  ;  to  the  solution  add 
sulphate  of  anunonia,  which  throws  down  the  baryta  in  the  state  of  sul- 
phate ;  separate  it  by  a  filter,  evaporate  the  filtered  liquor  to  dryness, 
and  give  it  a  red  heat ;  re*dissolve^  the  dry  residue  in  water,  and  adi 
ammonia^  which  throws  down  alumina. 


Section  VI.     Of  the  Compounds  of  Strontium, 

1404.  The  analysis  of  the  sulphate  and  carhonuie  of  sirontia  may  be 
performed  in  the  same  way  as  that  of  the  corresponding  compounds  of 
baryta. 

1405.  Strontia  has  been  found  by  Mr.  Stromeyer  in  some  varieties 
of  arragonite  (643),  and  where  it  exists  in  small  proportion  with  car- 
bonate^of  lime,^  presence  is  not  easily  detected. 

I  dissolved  5  gittfis  of  carbonate  of  strontia  and  95  of  carbonate  of 
lime  in  nitric  acid  ;  -j^ded  sulphate  of  ammonia  to  the  solution,  collected 
the  precipitate,  and  washed  it  with  repeated  afiusions  of  hot  water  • 
when  dry,  it  weighed  6.3  grains,  and  was  sulphate  of  strontia.  Ignited 
with  half  its  wi&ight  of  charcoal,  and  digested  in  dilute  muriatic  acid,  it 
afibrded  a  solution  of  muriate  of  strontia,  the  properties  of  which  are 
easily  distinguished  from  those  of  muriate  of  baryta  (669). 

1406.  The  number  44.0  as  the  equivalent  of  strontium,  and  52  ns 
that  of  strontia,  are  deduced  from  the  analyses  of  the  sulphate  and  of 
th«  carbonate. 
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Section  VII.     Of  the  Compounds  of  Magnesium^ 

1407.  Wheit  100  parts  of  pure  crystallized  sulphate  of  magnesia  are 
posed  to  a  red  heat  for  one  hour,  they  lose,  up6n  the  average  of  se- 

Teral  experiments,  52  per  cent,  of  water  of  crysteUizatioo  ;  theresidue 
IB  perfectly  soluble  in  water,  and  consequently  no  acid  has  been  ex- 

CUed  ;  if  to  its  aqueous  solution  we  add  muriate  of  baryta,  and  col- 
rt  and  dry  the  precipitate,  it  will  be  found  to  indicate  32.5  of  sulphu- 
ric acid  ;  hence  the  composition  of  the  crystallized  salt ;  and 

32.7  :  16.3  ::  40  :   19.9 

Hence  the  number  20.  adopted  as  the  representative  of  magnesia,  and 
12.  as  the  theoretical  equivalent  of  its  metallic  base. 

1408.  Besides  the  adulteration  of  sulphate  of  magnesia  with  sul- 
phate ofsoda,  already  adverted  to,  the  salt  as  it  occurs  in  commerce  is 
often'SSfiRjuescent  from  the  presence  of  muriate  of  lime,  and  muriate 
of  magnesia :  the  presence  of  muriatic  acid  is  shown  by  sulphate  of 
silver ;  and  of  lime,  by  oxalate  of  ammonia,  or  by  bi-carbonate  of  am- 
monia, which  does  not  throw  down  magnesia.  Sea  salt  is  not  unfre- 
quently  found  in  considerable  proportion,  mixed  with  sulphate  of  mag* 
nesia,  and  which  is  not  thus  rendered  deliquescent :  it  is  recognised  by 
its  salt  taste,  by  the  action  of  sulphate  of  silver,  and  by  pouring  sul- 
phnric  acid  upon  it,  which  disengages  muriatic  vapours,  easily  known 
by  the  deo8«  whitp  fumes  or^jtaioned  by  holding  a  stopper  moistened 
with  liquid  ammonia  above  the  salt. 

f  have  sometimes  found  amongst  Epsom  salt  a  very  considerable 
proportion  of  the  triple  sulphate  of  magnesia  and  potassa.  (687.)  It  is 
known  by  its  sparing  solubility,  and  by  the  rhomboidal  form  of  its 
crystals  :  it  occasions  a  grittiness  in  the  mouth,  and  is  less  bitter  than 
subphate  of  magnesia. 

1409.  Carbonate  of  magnesia  (693),  when  precipitated  in  the  usual 
way  and  dried  at  212®,  always  retains  a  portion  of  water,  which  it 
loses  by  exposure  to  a  red  heat  along  with  its  carbonic  acid  ;  the  water 
thus  retained  varies  from  16  to  21  per  cent.  Lime  is  a  very  common 
impurity  both  in  carbonate  and  calcined  magnesia,  being  frequently  de- 
rived from  sulphate  of  lime  contained  in  the  water  used  for  edulcorat- 
ing the  precipitated  carbonate.  To  the  calcined  magnesia  it  gives  an 
acrid  alcaline  taste.  The  presence  of  lime  is  detected  by  dissolving  the 
magnesia  or  its  carbonate  in  muriatic  acid,  and  adding  solution  of  bi-car- 
bonate of  ammonia,  which  throws  down  carbonate  of  lime,  but  does  not 
affect  a  pure  magnesian  solution.  When  carbonate  of  lime  is  fraudu- 
lently added  to  carbonate  of  magnesia,  as  is  sometimes  the  case,  it  is 
detected  in  the  same  way. 

The  separation  of  Ume  and  magnesia,  when  present  in  the  same  so- 
lution, has  already  been  adverted  to  (699). 

1410.  The  analysis  of  mineral  substances  containing  magnesia  mayAnaijm«r 
in  tome  cases  be  performed  in  the  humid  way  ;  but  where  the  stone  ^'^e'l^V''' 
resists  the  action  of  acids,  fusion  with  alcaline  bodies  must  be  resorted 

to.     As  instances  of  these  analyses,  the  reader  is  referred  to  Klaproth's 
examination  of  the  chrysolite  and  of  olivin,  in  the  seventh  and  eighth 
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Bections  of  the  first  volume  of  his  Analytical  Essays,  The  following 
instances  may  serve  further  to  illustrate  the  separation  of  magnesia  in 
cases  of  complex  chemical  analysis. 

A.  100  parts  of  red  and  green-veined  primitive  serpentine  were  ex- 
posed to  a  dull  red  heat  &r  half  an  hour,  and  were  found  to  hav^  lost 
6  grains. 

B.  The  remaining  94  grains,  reduced  to  fine  powder,  were  digested 
in  muriatic  acid  dilated  with  two  parts  of  water,  and  when  it  no  longer 
acted  upon  the  residue  it  was  decanted  ofi*,  the  residue  washed,  and  the 
washings  added  to  the  muriatic  solution.  The  undissolved  portion, 
when  dried  at  a  red  heat,  weighed  38  grains,  and  had  the  properties 
of  pure  sihca. 

c.  The  muriatic  solution  supersaturated  with  liquid  hi-carhonate  of 
ammonia  afforded  a  brown  precipitate,  which  was  collected,  washed, 
and  dried ;  it  weighed  26.6  grains,  and  was  found  to  contain  no  alnmiaa ; 
it  dissolved  entirely  and  with  effervescence  in  muriatic  acid,  and  this 
solution  was  evaporated  to  dryness,  the  dry  residue  dissolved  in  water, 
and  this  solution  precipitated  bjr  oxalate  of  ammoniat  yielded  oxalate 
of  hme,  which  collected  and  ignited  to  whiteness  affordBd  13  grains  of 
pure  lime :  the  liquor  from  which  this  oxalic  precipitate  had  been  ob- 
'  tained  left  after  evaporation  and  ignition  2.6  grains  of  red  oxide  of  iron> 

equivalent  to  about  2.2  grains  of  the  black  oxide,  in  which  state  Ui^ 
metal  probably  exists  in  seipentine. 

B.  The  solution  from  which  the  precipitate  noticad  ia  the  last  para* 
graph  bad  been  separated,  was  next  evaporated  to  dryneas,  awdtbe  resi- 
due exposed  to  a  red  heat  in  a  platinum  capsule,  till  it  ceased  to  lose 
weight ;  in  this  way  40  grains  of  magnesia  ^j^dy  tiBf^d  by  an  inap- 
preciable portion  of  oxii^  of  iron  were  obtained. 

K.  It  accordingly  appears  firom  the  above  analysis,  that  100  parts  of 
precious  serpentine  contain. 

A.  Water 6.  grains 

B.  Silica 38.* 

c.  Lime 13. 

Oxide  of  Iron 2.2 

D.  Magnesia 40. 

Loss 8 


100 


Another  specimen  of  serpentine,  from  the  Lixard,  lost  7  grains  of 
water  by  heat ;  (a)  digested  in  muriatic  acid,  it  gave  43.5  grains  of  si- 
lica ;  (6)  the  muriatic  solution  was  saturated  wiUi  carbonate  of  ammo- 
nia, filtered  and  evaporated  to  dryness ;  the  dry  residue,  after  having 
been  heated  red-hot,  gave  30.7  grains  of  magnesia ;  (c)  upon  the  filter 
there  remained  a  precipitate  of  a  brown  colour,  which  was  dissolved 
in  muriatic  acid ;  pure  anmionia  added  to  this  solution,  gave  a  precipi- 
tate weighing  13  grains,  and  resolved  by  potassa  into  10  grains  of  pe- 
roxide of  iron  =  9  protoxide,  and  3  grains  of  alumina,  (d)  The  mu- 
riatic solution,  after  the  separation  of  the  precipitate  by  pure  ammo- 
nia, gave,  on  adding  carbonate  of  anmionia,  6.3  grains  of  carbonate  of 
lime  =  3  grains  of  lime.  This  specimen,  therefore,  of  serpentine.. 
wsH  composed  of 
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Water 7.0 

a  Silica 43.5 

b  Magnesia 30.7 

c  Oxide  of  Iron 9.0 

e  Alamina 3.0 

d  Lime 3.0 


96.2 


1411.  There  are  some  magnesian  stones,  such  for  instance  as  the 
-chrysolite  and  the  olivin,  which  are  so  hard  as  to  resist  to  a  considerable 
extent,  even  when  pulverized,  the  action  of  muriatic  acid :  in  conducting 
their  analysis,  they  should  be  previously  fused  with  potassa.  If  alu- 
mina be  present,  it  may  be  thrown  down  from  the  muriatic  solution 
together  with  the  lime,  by  carbonate  of  ammonia,  and  afterwards  se- 
parated by  the  action  of  solution  of  potassa. 


Section  VIII.    Of  ihe  CompowidM  of  Manganen* 

1412.  The  grey  raduUed  ore  of  manganese  (703),  when  digested  in 
iae  powder  in  muriatic  acid,  is  entirely  dissolved,  with  the  exception 
of  a  small  but  variable  portion  of  silica,  not  exceeding  3  to  4  per  cent. 

The  solution  contains  manganese  with  a  small  quantity  of  iron, 
which  may  be  very  conveniently  separated  by  the  action  of  ammonia, 
as  recommended  by  Mr.  Hatchett,  and  which,  if  added  so  as  to  satu- 
rate the  muriatic  acid,  throws  down  the  iron,  but  not  the  manganese. 

The  oxide  of  iron  may  be  separated  by  filtration,  and  ignited  with  a 
little  wax,  which,  when  burned  off,  leaves  protoxide  of  iron. 

The  filtered  sohition  may  be  evaporated  to  dryness,  and  the  residue 
moistened  with  nitric  acid,  and  again  evaporated  and  ignited  :  it  is  pe- 
roxide of  manganese,  the  state  probably  in  which  the  metal  exists  in 
the  above  ore. 

1413.  Manganese,  as  has  been  shown  by  Mr.  Faraday,  {Quarterly 
Journal,  vi.  357,)  readily  forms  triple  salts  with  ammonia,  and  as 
these  salts  are  not  affected  by  the  fixed  alcalis,  they  are  often  conve« 
nicDtly  formed  in  those  analytical  operations  the  object  of  which  is  to 
separate  manganese  from  other  metals :  Upon  this  principle  he  pro- 
poses the  following  method  of  decomposing  a  mixed  salt  of  manganese 
and  iron.  To  a  mixed  solution  of  iron  and  manganese,  add  solution  of 
muriate,  sulphate,  or  nitrate  of  anmionia,  and  then  pour  in  pure  potas- 
sa ;  the  iron  will  be  precipitated  immediately  ;  but  the  manganese  will 
remain  in  solution  as  a  triple  salt,  unaffected  by  the  free  alcalis. 

In  this  method  of  analysis  the  muriate  or  sulphate  of  ammonia  is 
preferable  to  the  nitrate,  because  the  latter  may  in  some  cases  pro- 
duce peroxide  of  manganese,  which  would  be  precipitated ;  the  quan- 
*  ^ity  of  ammoniacal  salt  added  should,  for  the  sake  of  security,  be 
about  twice  that  of  tlie  salt  of  manganese  in  solution,  and  as  protoxide 
of  iron  ii^  soluble  in  ammonia,  any  excess  of  that  alcali  should  be 
driven  ofl*  by  Iicat,  to  ensure  a  total  precipitation. 
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The  other  Yarieties  of  pyrites  were  analyzed  precisely  in  the 

way. 

1419.  100  parts  of  cryttalHzed  pnU>9ulpkaie  of  iron  were  analyzed 
as  follows,  in  the  lahoratory  of  the  Royal  Institution,  (a)  The  aak 
was  reduced  to  powder,  and  dissolved  in  a  small  quantity  of  nitric  acid ; 
the  solution  was  diluted,  supersaturated  hy  ammonia,  and  filtered.  la 
this  way  the  iron  was  separated  in  the  state  of  peroxide,  amounting  to 
28.5  grains,  equivalent  to  25.5  of  protoxide  of  iron.  (6)  The  filtered 
Solution,  now  perfectly  finee  from  iron,  hut  containing  excess  of  amBionia, 
was  neutralized  by  mtric  acid,  and  nitrate  of  baryta  was  added  till  it 
ceased  to  form  a  precipitate.  The  sulphate  of  baryta  thrown  down 
was  dried  at  a  red  heat  and  weighed  85  grains,  indicating  28.7  of  sul- 
phuric acid :  hence  it  q>pears  tluit  100  grains  of  crystallized  proton^ 
phate  of  iron  contain 

25.5  protoxide  of  iron 

28.7  sulphuric  acid 

54.2 

The  loss,  amounting  to  45w8,  is  to  be  attributed  to  water  of  crystaili* 
seation,  for  100  grains  of  the  crystals  heated  to  dull  redness  fi>r  a  quar- 
ter of  an  hour  lose  about  45  per  cent. ;  hence  the  salt  consists  of 

54.2  dry  sulphate  of  iron 

45.8  water  of  crystallization 

100. 

The  data  upon  which  the  composition  of  oxides  of  iron  is  founded, 
are  given  in  paragraph  724. 

1420.  The  analysis  of  phosphate  ofirmi  may  be  performed  as  that  of 
phosphate  of  copper,  which  is  given  in  Section  855. 

1421.  The  analysis  of  the  different  kinds  of  iron  produced  by  the 
manufacturer  is  attp-nded  with  many  difficulties,  and  has  hitherto  only 
been  partially  performed  :  on  this  subject  norae  useful  and  interesting 
details  will  be  found  in  Mr.  Daniel's  paper  **  On  the  mechanical  struc- 
ture of  iron,  4rc." — Quarterly  Journal  of  Science  and  ArU^  ii.  278. 

1422.  Wootz  or  Indian  steel  was  examined  in  the  laboratory  of  the 
Royal  Institution  by  Mr.  Faraday,  as  follows,  with  a  view  to  detect  its 
components,  exclusive  of  carbon  and  iron. 

A  piece  of  wootz,  weighing  164.3  grains,  was  placed  in  a  flask,  and 
acted  on  by  nitro-muriatic  acid  and  heat  It  gradually  dissolved,  and 
dark-coloured  flakes,  separated  from  it,  which  were  unalterable  in 
the  acid,  though  boiled  with  it.  When  all  action  had  ceased,  the  solu- 
tion was  poured  off  from  the  sediment  (a)  which  was  repeatedly  wash- 
ed with  distilled  water ;  the  solution  was  then  examined  carefully,  but 
1  could  find  nothing  in  it  but  iron.  Whilst  washing  the  sediment  (a)  it 
separated  into  two  parts  ;  a  black  powder  (6)  sank  to  the  bottom  of  the 
water  poured  upon  it  whilst  a  reddish  brown  substance  (c)  in  flocculi 
remained  suspended ;  these  were  parted  from  each  other. 

The  black  powder  {h)  was  fused  with  potash  in  a  silver  capsule,  and 
then  dissolved  in  water ;  it  deposited  a  brown  powder  ((2),  and  a  clear 
ilcaline  solution  was  obtained.  This  was  saturated  with  muriatic  acid, 
^id  evaporated  to  dryness,  and  then  being  re-dissolyed  with  a  little  ex- 
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cti8&  of  muriatic  acM,  a  very  small  quanljly  of  tvhile  Aocculi  w«re  let'l 
anioucheij,  which  were  iasoliihle  in  acids,  and  had  the  characters  ot 
tiUx.  The  iotution  acted  on  by  subcafbonate  of  potash  give  an  abun- 
dutt  precipitate.  This  was  washed,  and  when  heated  with  a  little  solu- 
tion of  potash,  dissolveil  in  it  like  alumiae.  Sulphuric  acid  was  then 
added,  and  a  solution  of  alum  was  obtaiued,  a  small  quantity  of  siUi 
irecipitating. 

K  The  brown  powder  (rj)  deposited  by  the  alcaline  solution,  was  Ireal- 

i  with  nitric  acid ;  a  Liltle  heat  being  applied,  nearly  the  whole  waa 

iuolved  immediately,  lesTiog  a  little  of  a  black  substance.     The  filter- 

deolution  gni'e  a  precipitate  with  muriate  of  soda,  but  when  ammonia 

)W  added  to  il,  the  precipitate  was  re-dissolred,  and  u  small  quantity 

f  iron  was  thrown  down.     The  solution  contained,  therefore,  ttlver, 

'  Scam  the  capsule  in  which  the  fusion  had  been  made,  and  iron  derived 

from  the  wootz.  The  black  substance  left  by  the  nitric  acid,  was  nearly 

all  dissolved,  by  nitro-muriatic  acid,  iron  being  taken  into  solution,  and 

a  liltle  of  the  substance  (Jt)  remaiomg. 

The  redish  brown  substance  (c)  was  not  affected  by  nitric  acid,  but, 
D  adding  solution  of  pure  potash  to  it,  a  clear  deep  brown  solution 
■  obtained,  and  a  blackish  brown  sediment  (r)  remained.  When 
)  alcali  of  the  solution  was  neutralized  by  muriatic  acid,  llocculi, 
were  precipitated,  and  the  salulioQ  became  colourless.  These  lloccali 
collected  together  and  dried,  proved  to  be  combustible,  and  appeared 
to  be  merely  modified  tannin.  The  brown  sediment  (e)  being  then 
examined  by  muriatic  acid,  gave  oxide  of  iron  and  a  tittle  tiUx. — 

I  Quarterly  Jmimal  of  Science  and  Arts,  vii,  288. 
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^  1423.  The  mode  of  ascertaining  the  composition  of  the  oxide  of 
Snc  has  been  explained  above,  (767) ;  il  is  only  necessary  to  guard 
p/lgBinst  the  impurities  of  common  zinc,  which  are  chiefly  iron,  lead, 
and  copper  ;  the  former  is  taken  up  by  dilute  sulphuric  acid,  and  the 
two  latter  metals  resist  its  action,  and  remain  in  the  form  of  a  black 
powder.  Add  to  the  sulphuric  solution  excess  of  ammonia,  and  apply 
a  gentle  heat;  the  oxide  of  iron  will  fall,  and  upon  the  addition  of 
carbonate  of  potassa  to  the  ammoniacat  solution  and  boiling  it,  the  pure 
Biide  of  zinc  will  be  thrown  down. 

14S4.  The  oxide  of  zinc  of  the  Pharmacopteia  is  sometimes  disco- 
loared  by  a  little  iron  ;  adulterated  with  chalk,  or  plaster  of  Paris  ;  or 
contaminated  by  lead  and  arsenic.  The  presence  of  iron  is  shown  by 
itx  solution  in  dilute  nitric  acid,  neutralized  by  ammonia,  becoming 
black  with  tincture  of  galls  ;  chalk  occasions  an  effervescence  on  add- 
ing the  acid  ;  gypsum  is  dissolved  by  boiling  water,  and  detected  by 
oxalate  of  ammonia  and  muriate  of  baryta.  White  arsenic  is  found 
by  digesting  in  acetic  acid,  and  adding  solution  of  sulphuretted  hydro- 
gen, which  occasions  a  yellow  precipitate,  in  which  arsenic  is  recog- 
nised by  its  smell  when  ignited  on  charcoal ;  and  lead  is  shown  by  a 
black  precipitate  on  adding  sulphuretted  hydrogen  to  the  acetic  solu- 
tion. 


J 
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Uf6.  Analyni  of  Chloride  of  Zinc. — 100  grains  of  chloride  of  zinc, 
obtained  by  heating  the  muriate  in  a  glass  tube  to  redness,  and  weighed 
while  hot,  to  prerent  error  from  deliquescence,  were  dissolved  in  water, 
and  left  4  grains  of  oxide  of  zinc  ;  accordingly  104  grains  of  the  same 
chloride  were  dissolved,  filtered,  and  decomposed  by  nitrate  of  ailver, 
load  the  precipitate,  washed,  collected,  and  dryed  at  a  red  heat,  weigh* 
ed  203  grains,  equal  to  50.4  of  chlorine.  The  solution  from  wlach 
the  chloride  was  precipitated  contained  nitrate  of  zinc,  with  a  little 
nitrate  of  silver ;  muriate  of  ammonia  was  added  to  throw  down  the 
silver,  in  the  state  of  chloride,  which  was  separated  upon  a  filter,  and 
the  clear  liquor,  evaporated  to  dryness,  and  ignited,  afibrded  62  grains 
of  oxide  of  zinc,  equivalent  to  49.6  grains  of  metal ;  hence  100  grains 
of  chloride  of  zinc  gave 

60.5  chlorine 
49.5  zinc 


100. 


1426.  Analysis  of  Sulphurttof  Zinc-^A  specimen  of  yellow  blende 
was  analyzed  us  follows  by  Dr.  Thomson. — Annals  of  Philosophy,  iv.  94. 

a.  50  grains,  in  fine  powder,  were  digested  for  two  days  in  dilute 
nitric  acid  ;  theHvholewas  then  thrown  upon  a  filter,  and  the  undissolv- 
ed residue,  washed  and  dried  at  110<>,  weighed  26  gndns. 

b.  These  26  grains  were  put  upon  a  watch-glass  and  heated  by  a 
lamp  ;  they  burned  like  sulphur,  and  left  a  residue  of  22.4  grains ;  the 
3.6  grains  of  loss  were  considered  as  sulphur. 

c.  The  2^.4  grains  residue,  which  had  now  assumed  the  appearance 
of  the  original  blende,  were  again  digested  for  two  days  with  dilute  ni- 
tric acid  :  the  second  day,  as  all  action  was  over,  and  the  whole  nearly 
dissolved,  the  flask  was  exposed  for  some  hours  to  a  heat  of  130^  ;  the 
whole  was  then  thrown  upon  a  filter,  and  the  undissolved  portion, 
washed  and  dried,  weighed  0.54  grains. 

d.  This  small  residue  was  burned  as  before,  by  which  it  lost  sulphur 
amounting  to  0.16  grains,  and  0.38  grains  of  residue  remained. 

«.  This  0.38  grains  had  the  appearance  of  small  particles  of  ^artz, 
and  weighed  0.38  grains. 

/.  The  two  portions  of  acid  liquid,  which  had  been  digested  on  the 
ore,  and  which  contained  the  greatest  part  of  it  in  solution,'were  mix- 
ed together,  and  almost  but  not  quite,  saturated  with  carbonate  of  soda. 
A  considerable  excess  of  caustic  ammonia  was  then  poured  in.  By 
this  alrali  the  oxide  of  iron  was  thrown  down  in  yellowish  red  flocks, 
while  the  whole  of  the  zinc  was  held  in  solution.  The  oxide  of  iron 
being  separated  by  the  filter,  washed,  dried,  and  hearted  to  redness, 
weighed  8.5  grains.  Now  this  is  equivalent  to  6.98  grains  of  metallic 
iron. 

g.  The  residual  liquor  was  now  boiled  in  a  glass  retort  down  to  hdf 
its  bulk,  in  order  to  drive  off  the  ammonia,  and  precipitate  the  oxide 
of  zinc.  About  one  half  of  that  oxide  precipitates  after  a  fewimnotes' 
boiling,  btit  it  requires  considerable  concentration  before  the  other  half 
fills  down.  From  this  circumstance  it  is  not  improbable  that  ammonia 
and  oxide  of  zinc  unite  in  two  proportions. 

The  oxide  -of  zinc  thus  obtained  being  washed,  dried,  and  heated  t# 
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ledness,  weighed  36.4  grains.  This  is  equivalent  to  S9.3£  grains  of 
metallic  zinc.  It  may  be  proper  to  mention  that  the  oxide  of  zinc 
thus  obtained,was  not  quite  white,  but  had  a  sU^t  tinge  of  green.  1 
conceived  that  this  might  be  owing  to  the  presence  of  copper,  but  if 
this  metal  was  actually  present,  it  was  in  too  mkiate  a  quantity  to  be 
detected  by  the  usual  tests.* 

h.  The  liquid  thus  freed  from  iron  and  zinc,  was  mixed  with  nitric 
acid,  till  it  acquired  a  perceptibly  sour  taste.  This  was  done  to  pre- 
vent any  inaccuracy  firomthe  presence  of  ammonia,  if  any  should  still 
remain  in  the  liquid.  A  solution  of  muriate  of  barytes  was  then  mix* 
ed  with  it.  The  sulphate  of  barytes  which  precipitated,  being  wash* 
ed,  dried,  and  heated  to  redness,  weighed  77.616  grains.  Now  77.616 
grains  of  sulphate  of  barytes  contain  26.4  grains  of' sulphuric  acid,  or 
10.56  grains  of  sulphur.  From  the  preceding  analysis  it  appears  that 
blende  is  composed  of  the  following  ingredients  : 

Zinc 29.32 68.64 

Sulphur   ....  14.32 28.64 

Iron 5.98 11.96 

Qjaartz 0.38 0.76 


60.00  100.00 

1427.  I  adopted  the  following  process  in  the  ansdysis  of  the  crystal- 
lized blaek  hlmde  of  Derbyshire : 

a.  100  grains  carefully  separated  from  its  siliceous  roatrix,«were 
reduced  to  a  fine  powder,  and  dried  at  600^.  The  loss  of  weight 
indicates  water. 

h.  Upon  the  dried  and  powdered  ore  put  into  a  Florence  flask,  I 
poured  2  ounces  of  nitro-muriatic  acid,  consisting  of  two  of  nitric  and 
one  of  muriatic  acid,  in  small  successive  portions,  taking  care  to  mode- 
rate the  effervescence,  and  when  this  had  subsided,  a  sulphureous 
magma  floated  upon  the  acid  :  the  flask  was  placed  in  a  sand  beat,  and 
with  one  additional  ounce  of  nitro-muriatic  acid,  was  digested  until 
nearly  the  whole  of  the  sulphur  had  disappeared,  being  converted  into 
sulphuric  acid.  The  whole  contents  of  the  flask  were  then  poured 
into  a  conical  glass,  to  allow  a  portion  of  undissolved  matter  to  sub- 
side, which  was  separated  by  decantation,  and  proved  to  be  silica, 
mixed  with  a  litde  pure  sulphur,  the  quantity  of  which  was  determined 
by  burning  it  off,  and  ascertaining  the  loss  of  weight. 

c.  The  decanted  acid  liquor  was  now  evaporated  considerably,  so 
as  to  dissipate  a  portion  of  its  excess  of  acid,  and  the  residue  divided 
into  two  equal  portions,  a  and  b.  To  a,  considerably  diluted  with  wa- 
ter, !  added  nitrate  of  baryta,  and  the  precipitate  being  collected,  washed, 
and  dried  at  a  red  heat,  was  pure  sulphsrte  of  baryta,  and  was  used  as 
the  equivalent  of  the  sulphur  in  the  ore. 

d.  Carbonate  of  soda  was  added  to  the  portion  b,  which  threw  down 
every  thing,  and  the  precipitate  composed  of  the  carbonate  of  zinc 
and  peroxide  of  iron  was  digested  in  liquid  ammonia,  which  took  up 
the  carbonate  of  zinc,  leaving  the  oxide  of  iron  undissolved. 

e.  The  alcaline  solution  of  zinc  was  deeomposed  by  the  addition  of 
muriatic  acid  in  slight  excess,  and  to  the  acid  muriate  of  potassa  a  little 
cnrbonnte  of  soda  was  added  to  ensure  the  entire  separation  of  the  zinc ; 
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the  zinc  precipitate  wai  now  washed,  dried,  and  ignited  to  reduce  it  \m 
the  state  of  pure  oxide  of  zinc. 

/.  This  ore  contained  neither  copper  nor  arsenic,  which  are  some- 
times present  in  it. 

1428.  Analy9%9  of  Calamine  (782).— Mr.  Smithsok  {Phil.  TVont., 
1803.)  was  the  first  to  show  that  there  are  two  distinct  yarieties  of  Cft- 
lamine  ;  the  one  a  true  carhonate  of  zinc,  and  the  other  a  compoiind 
of  oxide  of  zinc  and  silica. 

A  specimen  of  crystallized  calamine  from  Derbyshire  afibrdedia  dM 
100  parts 

Silica 0.8 

Oxide  of  iron 1.6 

Oxide  of  zinc 66.0 

Carbonic  acid 32.7 


100. 

The  above  ore  was  digested  in  dilute  muriatic  add,  in  which  it 
slowly  dissolved  with  effervescence,  with  the  exception  of  0.8  grains 
of  silica.  The  solution  was  evaporated  to  draiess,  and  the  dry  resi- 
due redissolved  perfectly  in  water,  leaving  no  nirther  portion  of  silica. 
To  this  aqueous  solution  caustic  ammonia  was  added  in  excess,  so  as 
to  re-dissolve  the  oilde  of  zinc  at  first  thrown  down,  and  the  whole 
thrown  upon  a  filter,  on  which  there  remained  1.6  grains  of  oxide  of 
iron.*  The  ammoniacal  solution  was  supersaturate^  by  muriatic  acid, 
and  carbonate  of  anunonia  was  added  to  throw  down  the  whole  of  tht 
zinc,  which  precipitate,  being  dried  and  ignited,  weighed  66  grains. 
The  filtered  solution  was  evaporated  to  dryness,  and  the  residue  being 
heated  in  a  platinum  capsule,  entirely  evaporated,  and  was  merely 
muriate  of  ammonia.  The  loss  therefore  of  32.7  parts  in  the  hundred 
may  be  regarded  as  carbonic  acid. 

1429.  A  specimen  of  electric  calamine  in  small  acicular  crystals  af- 
forded, by  digestion  in  nitric  acid,  a  residue  of  38.6  per  cent,  silica, 
which  being  separated  by  a  filter,  the  filtrated  liquor  evaporated  to 
dryness,  and  the  dry  mass,  ignited  for  a  quarter  of  an  hour,  gaye  60 
per  cent,  of  oxide  of  zinc.  The  loss  may  be  regarded  as  water,  for 
the  calamine  lost  upon  ignition  2  per  cent,  in  weight 

1430.  Assay  of  Zinc  Ores. — To  ascertain  the  value  of  a  sample  of 
zinc  ore,  two  methods  may  be  resorted  to.  1.  Pick  out  the  impurities 
and  weigh  off  1000  grains  of  the  picked  ore  ;  give  it  a  dull  red  heat 
in  a  muffle,  taking  care  not  to  fuse  it :  mix  the  roasted  ore  with  half 
its  weight  of  lamp-black,  put  it  into  a  small  coated  glass  retort  with  its 
neck  drawn  to  a  very  small  aperture,  and  give  it  a  red  heat  for  one 
hour  ;  cool  it  gradually,  and  the  zinc  will  be  found  in  drops  in  its  neck. 
2.  Prepare  and  roast  the  ore  as  before,  and  stratify  it  in  a  crucible 
with  its  weight  of  clippings  of  sheet  copper  ;  lute  a  cover  on  the  cru- 
cible, and  give  it  a  dull  white  heat  for  an  hour.  When  cold,  throw 
the  contents  into  water,  by  which  the  brass  may  be  separated  from  the 
other  matter,  and  its  increase  of  weight  compared  with  the  original 
copper  gives  the  addition  of  zinc.  In  this  process,  however,  a  portion 
of  zinc  is  always  lost. 


Section  XJ,     Of  the  Compovndi  of  Tin. 

1431.  The  native  oxide  of  Tin  (792)  or  tin-Hone,  inconsequence  of 
its  mechanical  aggregation,  ii  almost  insoluble  in  the  acids,  but  it  is  ren- 
dered soluble  by  fusion  with  potassa,  as  Klaproth  first  remarked. 
{.Analytical  £nay3,  i.  622. )  The  following  is  the  process  given  by  that 
excellent  analyst,  anil  from  the  relative  proportion  of  (he  tin  to  the 
oxygen,  it  appears  that  the  metal  exists  in  this  ore  in  the  stale  of  per- 
oxide. 

a.  100  grains  of  tin-slone,  from  Cornwall,  previously  ground  to  a 
subtile  powder,  were  mised  in  a  silver  vessel  with  a  lixivium  contain- 
ing 600  gmins  of  caustic  potash  ;  this  mixture  was  evaporated  to  dry- 
ness, and  ignited  for  half  an  hour ;  when  the  mass  thus  obtained  had 
been  aoAened  with  boiling  water,  it  left  on  the  lilter  1 1  grains  of  an 
undissolved  residue. 

b.  These  1 1  grains  again  ignited  with  six  times  their  weight  of  caus- 
'k  potash,  and  dissolved  in  boiling  water,  left  now  only  1.26  grains  of  a 

e  yellowish -grey  powder  behind. 

e.  The  alcaline  solution  (o  aod  b)  waa  saturated  with  muriatic  3cid, 
d  oxide  of  tin  was  thrown  down  ;  this  precipitate  re-dissolved  by  an 
Iditional  quantity  of  muriatic  acid  was  precipitated  afresh  by  means  of 
tirbonate  of  soda  ;  when  lixiviated  and  dried  in  a  gentle  heat,  it  ac- 
red the  form  of  bright  yellowish  transparent  tumps. 
"  d.  This  precipitate  being  finely  powdered,  entirely  dissolved  in 
muriatic  acid,  assisted  by  a  gentle  heat.  Into  the  colourless  solution, 
previously  dilnted  with  from  two  to  three  parts  of  water  I  put  a  stick  el' 
zinc,  and  the  tin  thus  reduced  gathered  around  it  in  delicate  dendritic 
laminae  of  a  metallic  lustre  ;  these,  when  collected,  washed,  dried, 
and  fiised  under  a  cover  of  tallow,  in  a  capsule  placed  upon  charcoal, 
jrielded  a  button  of  pure  tin  weighing  77  grains. 

t.  The  above-mentioned  residue  of  1,26  grains,  left  by  the  trcat- 

['  awnt  wilb  caustic  potash  (i),  afforded  with  muriatic  acid  a  yellowish 

riution,  from  which,  by  means  of  a  little  piece  of  sine  introduced  into 

',  0.6  grain  of  tin  was  still  deposited;  Prussian  alcali  added  to  the 

ainder  of  the  solution,  produced  a  small  portion  of  a  light  blue 

recipitate,  of  which,  after  subtracting  the  oxide  of  tin  now  combined 

■  frith  it,  hardly  }  of  a  gr^n  remained,  to  be  put  to  the  account  of  the 

I  iron  contained  in  the  tin-stone,  here  examined. 

In  these  experiments  (excepting  only  a  slight  indication  of  tiUx 
■mounting  to  about  j  of  a  grain),  no  trace  has  appeared,  either  of 
tangstic  oxide,  which  some  mineralogists  have  supposed  to  be  one  of 
the  constituent  parts  of  tin-slone,  nor  of  any  other  fixed  substance. 
Therefore,  what  is  deficient  in  the  sum,  to  make  up  the  original  weight 
of  the  fossil  analyzed,  must  be  ascribed  to  tlie  loss  of  oxygen  ;  and 
thus  the  constituent  parts  of  this  ore  are  to  each  other  in  the  following 
jroporlioB : 

Tin 77.60 

Iron 0.85 

SUex i  .       0.7S 

^^OxygfiB    .J 81.50 

100. 


;^50  AXALrsis  of  the 


1438.  Dr.  Davy  {Phil.  Trans.,  1812.)  in  hia  analjsea  of  the  Chlo- 
rides of  Tin  (794,  795.)  separated  the  metal  bv  the  immereioo  of  a 
plate  of  zinc  ;  from  67.5  grains  of  chloride  of  tin  he  thus  procured 
42.  of  metallic  tin,  whence  inferring  the  proportion  of  chlorine  froio 
the  loss  of  weight,  he  concladea  that  this  chloride  is  composed  of 


G2.22    tin 
37.78    chlorine 

In  consequence  of  the  volatihty  of  the  perchloride  of  tin,  it  kt  verj 
difficult  to  weigh  it  with  perfect  accuracy  ;  it  was  therefore  poured  into 
a  bottle  half-full  of  water,  the  weight  of  which  was  previously  ascer- 
tained, and  its  quantity  inferred  by  the  increase  of  weight  The  wa- 
ter was  rendered  slightly  acid  by  muriatic  acid,  and  81.76  gnuns  of  the 
perchloride  gave  by  the  immersion  of  zinc  34  grains  of  tia :  hence  100 
of  the  perchloride  may  be  regarded  as  consisting  of 

42.1  tin 

57.9  chlorine    * 

The  quantity  of  chlorine  in  the  chloride  of  tin  cannot  be  ascertained 
by  nitrate  of  silver,  in  consequence  of  the  reduction  ef  a  portion  of  the 
silver ;  but  having  thrown  down  the  zinc,  the  disserved  chloride  of 
zinc  may  be  decomposed  by  nitrate  of  silver,  and  thus  the  quantity  of 
chlorine  originally  united  to  the  tin  may  be  ascertained. 

1433.  The  following  is  Klaproth's  analysis  of  the  Cupreous  Sulphu- 
ret  of  Tin,  called  tin  pyrites,  or  bell-metcd  ore,  from  St.  Agnes  in  Com- 
walV 

a.  120  grains  of  finely  triturated  tin-pyrites  were  treated  with  an 
aqua  rcgia,  composed  of  one  ounce  of  muriatic  and  \  ounce  of  nitric 
acid.  Within  twenty-four  hours  the  greatest  part  of  the  metallic  por- 
tion was  dissolved  without  heat,  while  the  sulphur  floated  on  the  sur- 
face ;  after  the  mixture  had  been  digested  for  some  time  in  a  sand-heat, 
I  diluted  it  with  water,  and  filtered  ;  it  left  43  grains  of  sulphur,  still 
mixed  with  metallic  particles  ;  when  the  sulphur  had  been  gently  burnt 
oflfon  a  test,  there  still  remained  13  grains  ;  of  which  eight  were  dis- 
solved by  nitro-muriatic  acid:  the  remaining  part  was  then  ignited 
with  a  little  wax ;  upon  which  the  magnet  attracted  one  grain  of  it. 
What  remained  was  part  of  the  siliceous  matrix,  and  weighed  three 
grains. 

6.  The  solution  of  the  metallic  portion  (a)  was  combined  with  car^ 
bonate  of  potash ;  and  the  dirty-green  precipitate  thus  obtained  was 
re-dissolved  in  muriatic  acid  diluted  with  three  parts  of  water ;  into 
this  fluid  a  cylinder  of  pure  metallic  tin  weighing  217  grains  was  im- 
mersed :  the  result  was  that  the  portion  of  copper  contained  in  the  so- 
lution deposited  itself  on  the  cylinder  of  tin,  at  the  same  time  that  the 
fluid  began  to  lose  its  green  colour,  from  the  bottom  upwards,  until, 
afler  the  complete  precipitation  of  the  copper  in  the  reguline  state,  it 
became  quite  colourless. 

c.  The  copper  thus  obtained  weighed  44  grains ;  by  digestion  in 
nitric  acid  it  dissolved,  and  left  one  grain  of  tin  behind  in  the  character 
of  a  white  oxide ;  thus  the  portion  of  pure  copper  consisted  of  43  grains. 

d.  The  c^hnder  of  tin  employed  to  precipitate  the  copper  now 
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freiglted  138  grains,  ao  that  89  grains  of  it  had  entered  into  the  n 
tic  solution  ;  IVom  this,  by  means  of  a  cyUnder  of  zinc,  I  re-produced 
the  whole  of  its  dissolved  tin,  wluch  was  loosely  deposited  on  the  zinc 
hi  B  tender  dendritical  form.  Upon  being  assured  that  otl  the  tin  had 
been  precipitated,  1  collected  it  carefully,  lixiviated  it  cleanly,  and  suf- 
fered it  to  dry  ;  it  weighed  130  grains.  1  made  it  to  melt  into  graina, 
iiBTing  previously  miied  it  with  tallow,  under  a  cover  of  charcoal-dust, 
in  a  small  crucible,  which  done,  I  separated  the  powder  of  the  coal  by 
elutriation ;  among  the  washed  grains  of  tin,  I  observed  some  black 
particles  of  iron,  which  were  attracted  by  the  magnet,  and  weighed 
one  grain  ;  deducting  this,  there  remain  129  grains  for  the  weight  of 
(be  tic ;  by  subtracting  again  from  these  last,  those  88  grains,  which 
proceeded  from  the  cylinder  of  tin  employed  for  the  precipitation  of 
the  copper  (6),  there  remained  40  grains  for  the  portion  of  tin  contain- 
ed in  Ibe  tin  pyrites  eumiined.  Hence,  including  that  one  grain  of  tin 
which  had  been  separated  from  the  solution  of  the  copper  (e),  the  por- 
tion of  pure  tin  contained  in  this  ore  amounts  to  41  grains. 

The  educts  or  substances  extracted  ut  tkis  process  from  tin  pyrites 
""""     :0Dse^uently 

Sulphur 30  graim 

Tin 41 

Copper 43 

Iron 2 

Vein-atone  or  ganane 3 


)'-W&ich  nukes,  in  a  hundred  ports, 

Sulphur 25 

Tin 34 

Copper 36 

Iron 2 

97 

■1434.  Jitiay  of  Tin  Ore*. — If  the  ore  contain  araenic,  it  should  ht 
^-'^Wwdered,  mixed  with  a  little  charcoal,  and  roasted  till  vapours  no  long- 
er rise.  The  residue  mixed  with  a  little  pitch  and  sawdust,  is  to  be 
put  into  a  covered  crucible,  and  exposed  in  a  wind-fiirnace  to  a  bright 
red  heat  for  half  an  hour  ;  when  cool,  break  the  crucible,  and  the  but- 
ton of  melallic  tin  will  be  found  at  the  bottom,  which  may  be  cleaned 
by  gentle  hammering  and  a  wire  brush,  and  weighed.  The  nchcit 
ores  afford  about  70  per  cent,  of  metal. 


^Wtic 


Sbctiou  XII.    Of  tht  Compounds  of  Cadmivm. 


1435.  We  are  as  yet  too  little  acquainted  with  the  states  of  combi- 
*on  in  which  cadmiam  exists  in  tts  ores,  and  with  the  properties  o, 
e  metal  itself,  to  lay  down  precise  rules  for  their  aualysia. 
Mr.  Siromeyer  dtrccta  the  digestion  of  the  mixed  oxide  of  zinc  i 
a  G 
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cadmiam  in  sulfuric  acid,  and  passing  through  the  acidulous  Bolution 
a  current  of  sulphuretted  hydrogen  gas  ;  re-dissolve  the  precipitate  in 
muriatic  acidy  eTaporate  to  dryness,  dissolve  the  residue  in  water,  and 
precipitate  )}j  caH)onate  of  ammonia,  of  which  add  excess  to  re-dis* 
folye  oxide  oC  zinc,  and  of  copper  should  any  be  present ;  carbonate 
of  cadmium  remains. 

According  to  Stromeyer,  100  parts  of  cadmium,  when  converted  int# 
oxide,  absorb  14.35  of  oxygen,  and 

14.35  :   100  ::  8  :  55.75 

So  that,  upon  this  datum,  the  number  55.8  may  be  assumed  as  the 
equivalent  of  cadmium  ;  a  number  widely  different  from  that  giyea 
above,  819,  and  63.8  wUl  be  the  representative  of  oxide  of  cadmium. 

1436.  The  following  are  Stromeyer's  analyses  of  the  nitrate,  aid- 
phate,  and  carbonate  of  cadmium. — Gilbskt's  Annakn^  hi* : 

VfiHifA      $  100        nitric  acid 
iNiiraie  • .  ^  ,  ^^  gg  ^^^^  ^^  cadmium 


Sulphate  •  < 


100        sulphuric  add 
161. 1     oxide  of  cadmium 


n  «u^*«*«  <  100        carbonic  acid 
Carbonate  J  ggg.s     oxide  of  cadmiam 

Now  if  we  deduce  the  number  for  the  oxide  from  the  mean  of  these 
experiments,  it  will  be  about  64.1,  which  gives  56  as  the  equivalent  of 
the  metal. 

Upon  the  same  authority,  the  chloride,  iodide,  and  sulphuret  of  cad- 
mium may  each  be  regarded  as  composed  of  one  proportional  of  each 
of  their  components. 

1 437.  The  Nitrate  of  Cadmium  is  a  white  prismatic  deliquescent  salt 
composed  of 

1  proportional  oxide 64 

1  acid 54 

4  water,  9X4=     36 

154 

1438.  Sulphate  of  Cadmium  forms  large  prismatic  crystals,  much 
resembling  those  of  sulphate  of  zinc  ;  very  soluble  and  efflorescent, 
undergoing  no  change  at  a  low  red  heat,  but  losing  acid  when  heated  (a 
a  bright  red.    It  consists  of 

1  proportional  oxide 64 

1  acid f    40 

4 water,  9X4  =  ..     36 

140 

1439.  Carbonate  of  Cadmium  is  a  white  insoluble  powder  easily  de^ 
compesed  at  a  red  heat.    It  consists  of 

1  proportional  oxide 64 

1  — _— .  acid 22 

86 


SccTiON  XIII,     Of  tht  Compounds  of  Cnpper. 

1440.  The  method  of  determining  the  composition  of  the  Oxidm  of 
Tapper  is  described  in  paragraph  827. 
■  •    H41.  CMoride  of  Coppr.r  (829)  was  thus  analyzed  I»y  Dr.  Davy.— 
y.rhil.  Tram.,  1812.  p.  172  : 

I.  BOgminsweredissolceilinnitro-muriatic  nrid.and  n  plate  of  iron 
!  immersed,  upon  which  copper  was  precipitated,  weighing,  when 
(•well  washed  and  perfectly  dry,  61.2  grains. 

.  The  same  quantity  of  the  chloriite,  disiiolped  in  nitric  acid,  and 
I  precipitated  by  nitrate  of  silver,  aftorded  1 17.8  grains  of  dry  chloride 
•f  silver. 

c.  Since  chloride  of  silver  contains  24.5  ptr  cnf.  of  chlorine,  80 
grains  of  chloride  of  copper  must  contain  51.2  grains  of  copper,  (o.) 
and  28.8  of  chlorine,  and  100  nill  consist  of  36  chlorine  +  64  cop- 
per. 

The  PtTckloridt  of  Copper  may  be  analyzed  exactly  in  the  same  way. 
1442.   The  Native  Black  Sulphuret  of  Copper  (844),  or   yitrcuit) 
Coppir  Orr,  should  consist  in  theory  of 


In  the  following  analysis  of  this  ore  hy  Klaproth  (F,ssfiy»,  i.  542). 
tbere  is  a  close  approach  to  these  numbers  ;  he  probably  lo«t  a  little 
Mtphur  by  acidification,  which  might  have  been  estimated  by  nitrate  of 
taryta. 

It.  Upon  200  grains  of  the  ore,  coarsely  powdered,  moderately 
Btrong  nitric  acid  was  alTused,  which  attacked  and  dissolved  them  with 
frothing  and  extrication  of  red  vapours.  I'he  solution  was  clear,  and 
tte  sulphur  nlone  in  the  ore  was  led  behind,  flonting  in  the  fluid,  in 
|p«y  loose  flocatii,  without  any  other  residue,  which  indicated  that  no 
Mtimony  was  present.  The  sulphur  collected  on  the  filter  was  heated 
4n  n  small  crucible  to  inflammation,  and  it  burned  with  its  peculiar 
odour,  without  any  trace  of  arsenic  ;  yet  leaving  a  slight  portion  of 
oiuded  iron  and  siliceoufi  earth. 

b.  The  solution,  which  hud  a  pure  blue  colour,  was  treated  firxt  with 
inuriatc  and  then  with  sulphate  of  soda,  hut  these  produced  no  altera- 
tinn,  by  which  it  appears  that  this  ore  contains  neither  silver  nor  lead. 

a.  200  grains  of*thc  powdered  ore  were  heated  with  muriatic  acid  ; 
as  this  alone  manifested  no  action.  I  added  nitric  ncid  by  drops,  which 
exerted  a  strong  attack.  When  the  solution  of  the  ore  bad  been  ac- 
complished, I  separated  the  tluid  from  the  sulphur  floating  on  the»>ur- 
face,  and  digested  this  lust  with  a  fresh  quantity  of  muriatic  acid,  drop- 
ping into  it  some  nitric  arid  ;  ailer  which  I  collected  it  upon  the  filter. 
This  sulphur,  washed  and  desiccated,  weighed  38^  gniin?.  out  of 
which  after  its  combustion  1|  grain  of  siliceous  earth  remained ;  so 
that  ihe  true  amount  of  sulphur  was  37  grains. 
^L  h.  The  solution  exhibits  a  glass-green  colour.  I  divided  it  into  two 
Hjparta,    Itito  one  half  polished  iron  wii-<  immersed,  upon  which  the 
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^pper  precipitated.  It  weired  78|^  grains  when  washed,  and  deaic- 
cated. 

c.  In  order  to  ascertain  the  propertioD  of  ItOn  caotained  in  the  orey 
I  combined  the  other  half  of  the  solution  with  caustic  ammoniac  addc^ 
to  excess.  The  iron  r^nained  behind,  in  the  ferrn  of  brown  oade, 
which,  collected  on  the  filter,  desiccated  and  ignited,  weig|i«d  three 
grains.  Bnt  as  the  iron  is  contained  in  the  mixture  of  the  ore  m  the 
reguline  metallic  state,  these  9  grains  give  2^  of  metallic  iroa  to  be 
added  in  the  computation. 

Therefore  one  hundred  parts  of  the  Siberian  Titreous  copper  pre 
consist  of 

Copper,  b 78.50 

Iron,  c 2.^5 

Sulphur,  a 18.50 

Silex,  a 0.75 


100. 


The  same  method  of  analysis  applies  to  the  other  sulphurets  of  cop 
per  or  copper  pyrites. 

1443.  The  Ferro-arsenical  Sulphuret  of  Copper^  (844),  was  analyz- 
ed as  follows  by  Mr.  R.  Phillips. — Quarterly  Jownal  of  Science  and 
AriSy  vii.  100. 

a.  Haying  ascertained  that  the  constituents  of  this  ore  are  copper, 
iron,  arsenic,  and  sulphur,  I  boiled  100  grains  of  it  reduced  to  powder 
in  nitric  acid,  until  the  whole  of  the  metallic  matter  appeared  to  be 
dissolved.  14  grains  remained  unacted  upon  by  the  acid ;  of  these  a 
large  portion  was  evidently  pure  sulphur ;  by  heat  9  grains  were  to- 
latilized,  and  5  remained,  which  were  merely  silica  that  had  been  me- 
chanically mixed  with  the  ore. 

h.  The  nitric  sqlutipn  was  decomposed  by  potash,  and  beiqg  heated 
with  excess  of  it,  peroxide  of  copper  and  iron  were  precipitated 
together.  This  mixed  precipitate  was  washed  until  it  ceased  to  be  al* 
caline,  and  was  then  dissolved  in  nitric  acid.  To  the  solution  ammonia 
in  excess  was  added  ;  by  this,  peroxide  of  iron  was  precipitated,  and 
the  peroxide  of  copper  held  in  solution  ;  the  former  being  sepa- 
rated, washed,  and  ignited,  weighed  13.3  grains,  equivalent  to  9.26  of 
iron. 

c.  The  anmioniacal  solution  of  copper  was  heated,  and  when  the 
greater  part  of  the  anmionia  was  expelled,  potash  was  added  to  the  so- 
lution ;  and,  by  continuii^the  heat,  peroxide  of  copper  was  precipitat- 
ed, which  being  washed  and  ignited,  weighed  56.6  grains,  equivalent 
to  45.32  of  copper. 

d.  The  alcaline  solution  obtained  in  c,  and  the  water  employed  to 
wash  the  mixed  precipitate  oif  oxide  of  copper  and  iron,  were  evapo- 
rated together,  and  then  saturated  with  nitric  acid.  This  solution  con- 
tained the  sulphur  and  arsenic  converted  into  acids,  and  combined  with 
potash.  Nitrate  of  barytes  being  added,  sulphate  was  precipitated, 
which,  being  washed  and  ignited,  weighed  126  grains,  equal,  accord- 
ing to  Dr.  Wollaston's  scale,  to  17.14  of  sulphur,  which,  added  to  9, 
before  obtained,  ^  26.14.  After  this  an  accident  happened  to  the  so- 
lution, which  prevented  the  separation  of  the  arsenic  acid ;  therefore, 


PKOIPHAYB  or  Vt^ff^i 

e.  160  grains  of  the  ore  were  again  treated  with  nitric  iic.id  ;  with 
tbe  silica  1 1  grains  of  sulphur  were  obtained,  anil  (he  nitric  solution 
waB  decomposed  by  excess  of  potash  as  before,  in  order  to  separate 
the  oside  of  copper  and  iron. 

/.  Tbe  alcaime  solution  being  caturaled  with  nitric  acid,  nitrate  of 
barytes  wag  added  to  it,  as  long  as  precipitation  took  place.  The  pre- 
cipitated sulphate  of  barytes  being  washed  and  ignited,  weighed  150 
grains,  =  20.4  Eulphur,  which  added  to  II,  separated  without -acidify - 
iog,  =:  3 1 .4  ;  the  meaji  quantity  of  (his  and  the  liret  experiment  beiug 
28.14. 

g.  To  the  solution  from  which  the  sulphuric  acid  had  been  t^eparat- 
fA  by  nitrate  of  barytes,  nitrate  of  lead  was  added  as  long  as  araeni- 
ale  of  lead  was  thrown  down  ;  and  this,  when  washed  and  igTiited, 
k  ipeiji^ed  53  grains. 

•  According  to  Dr.  Thomeon,  21.25  of  arseniateof  lead  contain  7.&of 

venicacid,  equivalent  to  4.75  of  arsenic  ;  if  then,  81.25  give  4.75; 

)  of  arseniate  of  lead  will  indicate    11.84   of  arsenic.     It  appears 
n  these  experiments,  that  this  ore  consists  of  nearly 

Silica 5. 

Iron a.26 

Coppar 4.''..32 

Sulphur 28.74 

Arsenic 11.84 

100.16 

i-  In  perronning  this  analysis,  some  circumstances  occurred  whicli  [ 
''^ink  worthy  of  notice.  In  a  preliminary  experiment,  I  endeavoured 
to  separate  the  copper  from  tbe  iron  by  means  of  ammonia,  without 
previously  seperaling  the  arsenic  acid  ;  this  I  found  impracticable,  for 
it  ftppeared  that  the  arseniate  of  iron,  at  first  precipitated,  was  even- 
tually dissolved  by  the  ammonia.  In  some  treatises  on  chemistry,  the 
arseniate  of  barytes  is  described  as  .in  insoluble  salt :  this,  as  ma^  be 
'  deduced  from  what  I  have  stated,  is  not  tbe  case.  I  first  tried  it  by 
pouring  a  solution  of  arseniate  of  potash  into  one  of  nitrate  of  ba- 
rytes ;  no  precipitation  occurred,  but,  upon  standing  some  days,  very 
delicate  feathery  crystals  of  arseniate  of  barytes  were  formed,  whicfi 
exhibited  the  prismatic  colours  with  a  Hplendour  equid  to  that  of  the 
noble  opal.  I  have  since  attempted,  hut  without  success,  to  reproduce 
the  salt  having  this  appearance*. 

1444.  J^alive  Plwiphate  of  Copptr  was  analyzed  by  Klaproth  nearly 
as  follows :  The  ore  was  digested  in  nitric  acid,  by  which  it  was  en- 
tirely dissolved,  with  the  exception  of  a  remnant  of  silica.  The  ni- 
tric solution  was  divided  into  two  parts  ;  the  phosphoric  acid  was  pre- 
cipitated from  one,  in  the  state  of  phosphate  of  lead,  by  adding  acetate 
of  lead  ;  and  from  the  weight  of  the  phosphate  of  lead,  the  quantity  of 
phosphoric  acid  was  calculated.     The  other  half  of  the  solution  was 


■  In  pii«(rroph  lOJl, 
U  1»>7I»  an  iMoluhlf  . 
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is  itnird,  Ihnwhon  ntvlrnlar 
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tded  npim  by  iron  to  throw  down  the  copper*    He  eoncluded  front 
theoe  eiperimenta  tiiat  the  ore  contained 

68. IS  oxide  of  copper 
30.95  phosphoric  acid 

99.08 

It  docs  not  however  seem  clear  whether  the  natire  phosphate  of 
copper  is  a  subphosphate  of  the  peroxide^  or  a  nentral  phosphate  of 
the  protoxide  ;  that  is,  whether  it  consists  of  80  peroxide  +  28  phos- 
phoric acid ;  or  of  72  protoxide  +  28  phosphoric  acid,  these  com- 
pounds requiring  further  investigation. 

1445.  Kaiive  (hrbonaUs  of  G>pper.--«-These,  as  well  as  the  artifi- 
cial carbonates  have  been  analyzed  by  Mr.  R.  Phillips  {Quarterly  Jour" 
nal  of  Science  and  ArtSy  iv.  274),  and  the  results  are  given  abovCi 
(857,  ^c.)    The  following  is  the  process  which  he  employed  : 

200  grains  of  green  carbonate  of  copper  heated  to  redness  in  a  pla- 
tinum crucible,  became  perfectly  black,  and  lost  56.6  grains. 

I  put  some  nitric  acid  into  a  small  phial,  the  stopper  of  which  had 
been  perforated,  and  a  glass  tube  passed  through  it^to  snfier  the  escape 
of  the  carbonic  acid  gas  ;  the  weight  of  the  phial  and  acid  being  taken, 
I  gradually  put  into  it  200  grains  of  green  carbonate  of  copper  in  small 
fragments.  When  the  solution  was  complete,  I  found  that  37  grains  of 
carbonic  acid  had  been  evolved.  If  then  from  200  we  subtract  55.6, 
the  loss  by  heat,  we  have  144.4  as  the  quantity  of  peroxide  of  cop- 
per ;  and  if  from  55.6  we  take  37,  the  carbonic  acid,  there  remain  18.6 
as  the  proportion  of  water  dissipated  by  heat  100  parts  of  green  car- 
bonate of  copper  consist  therefore  of 

Peroxide  of  Copper 72.2 

Carbonic  acid 18.5 

Water 9.3 


100.0 


On  examining  the  solution  I  fotmd  it  to  be  pure  nitrate  of  coppet-. 

1 446.  The  following  comparative  results  wUl  show  how  near  in  this 
instance  experiment  agrees  with  theory,  if  we  regard  the  green  carbo- 
nate of  copper,  or  malachite ^  as  consisting  of  1  proportional  of  perox- 
ide of  copper,  1  of  carbonic  acid,  and  1  of  water ;  or  as  an  hydrated 
subcarbonate. 

Vauquclio.  Phillips.  Theory. 

Peroxide  of  copper  .  .  .  70.10        72.2        72.01 

Carbonic  acid 21.26         18.5         19.82 

Water 8.65  9.3  8.17 


100.00       100.0       100.00 

1447.  Jismy  of  Copper  Ores. — ^When  the  ores  contain  sulphur  and 
arsenic,  they  are  roasted  till  fumes  no  longer  arise,  or  reduced  to  pow- 
der and  deflagrated  with  nitre.  The  residue  is  mixed  with  black  flux 
(1012),  and  exposed  for  one  hour  to  a  bright  red  heat  in  a  wind-fur- 
nace, when  a  button  of  copper  is  formed  at  the  bottom  of  the  cruci- 
ble, the  purity  of  which  may  be  judged  of  by  its  appearance  and 
malleability. 


5)  may  be  analyzed  by  the 
a  the  lead  and  Keparales  the 
iulphatc  of  soda  :  100  grains 
I,  after  having  been  dried  at 


I  The  oxides  and  carbonates  of  copper  are  reduced  by  Btmple  foaion 
ritb  black  dui,  care  bein^  taken  to  ruiie  the  beat  iuf&cieDtly. 


Sbctiow  XIV.     Of  the  Comhination*  of  Lead. 


1448.  Lead  congtitutes  a  component  part  of  several  complex  orea, 
le  analyses  of  which  are  described  in  the  aections  on  antimony  and 

nlver. 

1449.  GaUiia  or  Sulpkuret  of  Lead  (8E 
action  of  dilute  nitric  ucid,  which  dissolvt 
Sulphur :  the  lead  may  be  precipitated  by  si 

the  sulphate  of  lead  thus  thrown  doi 

dull  red  beat,  are  equivalent  to  69  of  lead. 

1450  Vauqueha  analyzed  a  galena  from  Cologne,  as  follows.  (Jour- 

'  del  Mines,  No.  68.)     It  was  healed  with  very  dilute  nitric  acid  ; 

le  undissolved  residue,  consisting  of  silica  and  sulphur,  was  heated 

redness,  by  which  the  latter  was  dissipated,  and  pure  silica  remain- 

Icd.     The  nitric  solution  was  decomposed  by  sulphate  of  soda,  and  the 

ilphste  of  lead  collected,  dried,  and  weighed,  to  estimate  the  proper- 

film  of  metal.     The  remaining  liiiuor  being  saturated  by  ammonia, 

_  ire  a  precipitate  of  oxide  of  iron  ;  and  lastly,  carbonate  of  ammonia 

threw  down  carbonate  of  lime. 

1451.  A  native  Sufp'iaf*  of  Lead  trom  Anglesea  (889)  was  thus  ana- 
lyzed by  Klaproth  ;  100  grains  moderately  heated  lost  3  of  water ;  the 
remainder  was  fused  in  a  platinum  crucible  with  four  parts  of  carbon- 
ate of  potassB,  which  gave  a  yellow  hard  mass  partly  soluble  in  water ; 
the  insoluble  residue  when  dry  wa^  72  grains  of  oxide  of  lead  ;  i(  was 
dissolved  in  nitric  acid,  and  this  solution  gave,  when  decomposed  by 
the  immersion  of  a  rod  of  zinc,  66.8  grains  of  metallic  lead.  The 
akaline  solution  from  the  crucible  was  saturated  with  nitric  acid,  and 
acetate  of  baryta  added  as  long  as  it  occasioned  a  precipitate,  which 
Veigbed  when  quite  dry  73  grains,  equal  to  25  of  sulphuric  acid. 
^J^BCe  it  appears  that  this  ore  contains 


66.5  lead  .  .  . 
&.5  oxygen   . 


[  =  72  oxide  of  lead 
86  sii^phuric  acid 


Loss,  consisting  of  I  gr.  J 
of  oxide  of  iron,  and  Sj 
of  water S 


1452.  JValive  Plionphale  of  Lead  (SOU)  was  also  examined  by  Kla- 
proth ;  it  is  a  disliiiclive  character  oi  this  comftound,  that  when  fused 
Wto  a  globule  before  the  blow-pipe,  itnisumes,  as  it  cools,  a  dodecaii- 
'  al  form.     100  grains  of  green  prismatic  phosphate  of  lead  dissolved 

ilirely  in  nitric  »eid.     Nitrate  of  siUer  g»ve  a  precipitate  of  11 


m 
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grainB  of  cblorida  »  2.7  of  chlorine.  Siilpk«rie  acid  added  to  the 
warm  solutioo  gave  106  of  sulphate  of  lead  a^  78.4  of  oxide  of  lead : 
the  liquor  was  then  freed  from  excess  of  sulphuric  acid  by  nitrate  of 
baryta,  and  after  having  been  nearly  saturated  by  ammonia,  acetate  of 
lead  was  added ;  the  phosphate  of  lead  thus  precipitated  weighed  82 
grains  =  18.37  of  phosphoric  acid  fmore  correctly  16.5).  In  the  re- 
siduary solution  was  found  a  trace  ot  iron. 

1453.  J^ative  Carb&nate  of  Lead  (898)  may  be  thus  anahfzed. 
Reduce  the  ore  to  powder  and  introduce  100  grains  into  a  sofficient 
ouantity  of  nitric  acid  diluted  with  about  two  parts  of  water  ;  an  ef» 
renrescence  ensues,  and  the  carbonic  acid  may  be  estimated  by  loes  of 
weight ;  it  amounted  to  16  grains.  Filter  the  nitric  solution,  uid  if 
there  be  any  insoluble  residue,  it  is  probably  silica ;  to  the  filtered  li- 
quor add  sulphate  of  soda,  which  throws  down  aolphate  of  Iead» 
whence  the  oxide  may  be  deduced  ;  or  immerse  a  j^late  of  sine  into 
tiie  nitric  solution,  which  throws  down  metallic  lead :  m  Klapcoth'a  an« 
alysis  he  thus  obtained  77  of  metal  equivalent  to  82.5  oxide;  wbeoce 
it  appears  that  the  natire  carbonate  contains 

16.    carbonic  acid 
82.5  oxide  of  lead 

98.5 

These  numbers  almost  exactly  agree  with  ttie  theweticdlcoiBpoeitioa 
of  the  carbonate  of  lead  ;  the  loss  amountiiig  to  1.6  maf  probably  be 
considered  as  0.5  carbonic  acid  and  1.  water. 

1454.  The  MuriohCarbonaU  of  Ltad^  or  NaJlivt  MmriaU  of  Lead 
(877),  as  it  is  generdly  called,  was  malyzed  as  fidlowsy  by  Mr.  Chene- 
vix.  (NicuoiAoii*8  Jonmalt  4to.  iv.)  100  grains,  disBom^  ia  nitric 
acid,  lost  6  of  carbonic  acid  ;  the  nitric  solution  was  neutralized  by 
ammonia,  and  the  absence  of  arsenic,  phosphoric,  and  sulphuric  acicb 
proved  by  tests.  Nitrate  of  silver  was  then  added,  which  formed  a 
copious  precipitate,  weighing  when  dry  48  grains,  equiralent,  accord* 
ing  to  Mr.  Chenevix,  to  8  of  muriatic  acid ;  he  concludes  that  the  6 
grains  of  carbonic  acid  saturated  34  of  oxide  of  lead,  and  that  8  of 
muriatic  acid  saturated  51  of  oxide  of  lead  ;  and  therefore,  that  th^ 
ore  consists  of  59  muriate  of  lead  and  40  carbonate  of  lead. 

Klaproth'&  analysis  aoreea  almost  exactly  with  that  of  Mr.  Chene- 
vix, and  they  give  the  rollovring  riew  of  the  composition  of  this  ore, 
but  there  is  probably  some  considerable  error  in  the  estimate  of  the 
muriatic  acid,  and  a  new  analysis  is  highly  desirable. 

Oxide  of  lead 85.5 

Carbonic  acid (i. 

Muriatic  acid 8.5 


100.0 


1455.  In  the  assay  of  lead  ores  by  fire,  a  considerable  loss  is  often 
tfustained  by  the  volatilization  of  the  oxide  of  lead,  and  by  its  action 
upon  the  crucible,  so  that  the  operation  is  best  performed  by  humid 
analysis  ;  the  ore  may  be  digested  in  dilute  nitric  acid,  and  to  the  solu« 
tioa.  when  filtered,  sulphate  of  soda  may  be  added,  which  will  throw 
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down  «ulphate  of  lead ;  the  latter,  when  washed  and  dried  at  a  red 
keat  contains  about  68  per  cent,  of  the  metal. 


Section  XV.     Of  the  Cambinatiom  of  Antimony. 

1456.  There  are  three  proper  ores  of  antimony,  Native  Antimontf 
(905),  J^ative  Oxidt  of  Antimony  f  912),  and  the  Native  Sulpkuret  (905). 

1457.  Native  antimony  from  Andreasbcrg  was  examined  as  follows 
bv  Klaprolh  {Essays,  ii.  136.)  100  grains  in  powder  were  heated  with 
nitric  acid,  the  mixture  diluted  with  water  and  filtered  ;  muriatic  acid, 
added  to  the  filtered  liquor,  gave  a  precipitate  of  chloride  =  1  grain  of 
metallic  silver ;  and  the  residual  liquor  gave  oxide  of  iron  =  .25  grain 
of  metallic  iron.  The  oxide  of  antimony  upon  the  filter  was  perfectly 
soluble  in  muriatic  acid  ;  a  piece  of  zinc,  immersed  in  this  muriatic 
solution,  gave  98  grains  of  metallic  antimony  ;  hence  the  componeats 
are  Antimony 98. 

Silver 1. 

Iron 0.25 


99.25 

ft  1458.  The  Native  Oxide,  or  white  ore  of  Antimony  from  Pntzbram, 
in  Bohemia,  was  also  analyzed  by  Klaproth  ;  he  found  it  a  perfectly 
pure  oxide,  but  did  not  ascertain  the  relative  proportions  of  its  compo- 
nent parts.  According  to  Vauquelin,  it  contains  silica  and  a  little  oxide 
of  iron. — Hauv,  iv.  274. 

1459.  The  following  is  the  analysis  of  an  iridescent  sulphuret  of 
antimony,  in  acicular  crystals,  from  Hungary. 

a.  100  grains  digested  in  two  parts  of  nitric  acid  and  one  of  water 
afforded  a  portion  of  sulphur,  which,  having  been  carefully  separated 
from  the  adhering  oxide,  burned  entirely  away.    It  weighed  1 7.5  grains. 

6.  The  insoluble  oxide  collected  and  washed,  was  re-dissolved  in 
muriatic  iaicid,  and  zinc  inunersed  into  the  solution,  by  which  74  grains 
of  metallic  antimony  were  thrown  down. 

c.  The  nitric  solution  being  evaporated  to  one-fourth,  let  fall  a  por- 
tion of  white  powder,  which,  treated  as  6,  gave  2  grains  of  antimony. 

d.  The  solution  c  appearing  now  to  be  free  from  antimony,  was  di- 
luted and  divided  into  two  equal  portions,  a  and  b.  Muriate  of  baryta, 
added  to  a,  gave  a  precipitate  of  sulphate  of  baryta,  weighing  22.5 
grains,  =  about  3  grains  of  sulphur,  or  6  in  100. 

e.  The  portion  b  tested  by  muriate  of  soda  gave  no  indication  of  sil- 
ver ;  supersaturated  with  ammonia,  it  let  fall  1.5  grains  of  peroxide  of 
iron,  to  about  1  grain  of  iron. 

/.  The  results  of  this  analysis,  therefore,  are 

Sulphur I  J.  ^6.^  ^'  \      ^^-^  «"• 

Antimony  •  •  •  J  J;  ^J]    ^'  \      76.0 

Iron e 2. 

iei.5 
3D 
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Tke  small  increase  of  weight  I  refer  to  zinc  adherini^to  tlie  antimoiij. 

1460.  The  red  ore  ofAniimonyj  from  Bnuin^dorff  in  Sazonj,  wai  an- 
alyzed by  Klaproth ;  he  digested  it  in  muriatic  acid,  and  threw  down 
the  antimony  by  water  and  potassa ;  the  precipitate,  after  a  second  so- 
lution and  precipitation,  was  re-dissolved  in  muriatic  acid,  and  decom- 
posed by  a  piece  of  polished  iron,  which  camsed  the  separation  of  67.S 
grains  of  metallic  antimony.  The  sulphur  he  estimates  at  19.70  pet 
cent.  9  and  attributes  the  loss  of  weight  to  oxygen  combined  with  the 
antimony ;  he  therefore  regards  the  ore  as  a  sulphuretted  ozide  of  an- 
timony, containing 

Antimony 67.50 

Oxygen 10.80 

Sulphur  .  * 19.70 


MHi^VMV. 


98. 


1*46 1.  The  following  is  Mr.  Hatchett's  instructiye  analysis  otBour- 
nonitc,  or  the  triple  sulphuret  of  Lead  y  Antimony  ^  and  Copper: 

A.  200  grains  of  the  ore,  reduced  to  a  fine  powder,  were  put  into  a 
glass  matniss,  and,  two  ounces  of  muriatic  acid  being  added,  the  vessel 
was  placed  in  a  sand-bath.  As  this  acid,  even  when  heated,  scarcely 
produced  any  effect,  some  nitric  acid  was  gradually  added,  by  drops, 
vntil  a  moderate  effervescence  began  to  appear.  ^ 

The  whole  was  then  digested  in  a  gentle  heat,  daring  one  hour ;  and 
a  green-coloured  solution  was  formed  whilst  a  quantity  of  sntphnr  float- 
ed on  the  surface,  which  was  collected,  and  was  s^ain  digested  in  ano« 
ther  vessel,  with  half  an  ounce  of  muriatic  acid. 

The  sulphur  then  appeared  to  be  pure,  and,  being  well  washed  and 
dried  on  bibAHn  paper,  weighed  34  grains :  it  was  afterwards  btrrned 
in  a  porcefaih  cup,  without  leaving  any  other  residuum  than  a  slight 
liark  stain. 

B.  The  green  solution,  by  cooling,  had  deposited  a  white  saline  se*- 
diment ;  but  this  disappeared  upon  the  application  of  heat,  and  the  ad- 
dition of  the  muriatic  acid  in  which  the  sulphur  had  been  digested. 

The  solution  was  perfectly  transparent,  and  of  a  yellowish  green  : 
it  was  made  to  boil,  and  in  this  state  was  added  to  three  quarts  of  boiling 
distilled  water,  which  immediately  became  like  milk  ;  tfiis  was  poured 
on  a  very  bibulous  filter,  so  that  the  liquor  passed  through  before  it 
had  time  to  cool ;  and  the  white  precipitate  thus  collected,  being  well 
edulcorated  with  boiling  water,  and  dried  on  a  sand-bath,  weighed  63 
grains. 

c.  The  washings  were  added  to  the  filtrated  liquor ;  and  the  whole 
was  gradually  evaporated  at  different  times,  between  each  of  which  it 
was  suffered  to  cool,  and  remain  undisturbed  during  several  hours.  A 
quantity  of  crystallized  muriate  of  lead  was  thus  obtained,  until  nearly 
the  whole  of  the  liquor  was  evaporated  :  to  this  last  p<Mrtion  a  few  drops 
of  sulphuric  acid  were  added,  and  the  evaporation  was  carried  on  to 
dryness  ;  after  which  the  residuum,  being  dissolved  in  boiling  distilled 
water,  left  a  small  portion  of  sulphate  of  lead. 

The  crystallized  muriate  oi  lead  was  then  dissolved  in  boiling  water ; 
and,  being  precipitated  by  sulphate  of  soda,  was  added  to  the  former 
portion,  was  washed,  dried  on  a  sand-bath,  and  then  weighed  120.20 
(rains. 
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Btnrted  liqaor  was  now  of  a  pale  bluish-green ,  which  dumgcd 

le,  upon  the  addition  of  ammonia  ;  some  oohraceoiis  floccuH 

BCtodI,  and,  when  dry,  were  heated  with  wax  in  a  porcdaiii 

ij  wliich  they  became  completely  attractable  by  the  magnet, 

mI  2.40  grains. 

detr  blue  liquor  was  eraporated  nearly  to  dryness ;  and, 

id  with  strong  lixivium  of  pure  potash,  until  the  whok  was 

need  to  a  dry  mass,  it  was  digested  in  boiling  distilled  water ; 

uk  vxide  of  copper,  being  collected  and  waBhe4  on  a  fitter^ 

etely  dried,  and  weighed  32  grains. 

In  af  the  ore,  treated  as  here  stated,  afforded, 

Onini. 

A.  Sulphur 34. 

B.  Oxide  of  antimony .  .  •     63. 
«.  Sulphate  of  lead  .  .  .  .  1'20.20 

D.  Iran 2.40 

m.  Black  oxide  of  copper     32. 

mMia  composing  this  triple  sulphuret  are  evidently  in  the 
le;  and  white  oxide  of  antimony  precipitated  from  muriatic 
er«i8  to  metallic  antimony  as  130  to  100  ;  therefore,  the 
r  the  oxide  must  be  estimated  at  48.46  grains  of  the  metal. 
Iphate  of  lead  is  to  metallic  lead  aa  14J  to  100;  therefore, 
BB  of  the  former  are  =  85.24  grains  of  the  latter.  Andt 
:  oxide  of  copper  contains  20  per  cent,  of  oxygen  ;  conae- 
frainfi  of  the  black  oxide  are  s=  25^60  grains  of  metallic 

lortions  for  200  grains  of  the  ore,  will  therefore  he, 

Sulphur 34. 

Antimony 48.46 

Lead 85.24 

Iron 2.40 

Copper 25.60 

195.70 


Loss -  .  .       4.30 


mcTten  XVI.     Of  the  Combinations  of  BitmMth. 

[B  principal  ores  of  bismuth  are.  Native  Bismuth^  the  Sul^ 
rfawrfrn  ntprifrmm  Sulphuret,  and  the  Native  Oxide.  Kla- 
|PBB  of  the  bismuthic  silver  ore  will  be  found  in  a  follow- 


ler  details. 
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1464.  The  needle  ore  of  Siberia,  or  Sulphuret  of  Lead,  Copper ^  mkd 
BiimtUhf  was  examined  as  follows  : 

a.  50  grains,  separated  as  &r  as  possible  from  its  qnartzose  matrix, 
were  digested  in  nitric  acid  diluted  with  its  bulk  of  water ;  when  all 
action  had  ceased,  a  gentle  heat  was  applied  for  a  few  hours,  until  no 
further  action  took  place.  The  whole  was  then  poured  upon  a  filter, 
and  the  residue  being  washed  and  dried,  weighed  8.8  grains ;  it  was 
burned,  and  there  remained  upon  the  capsule  2.3  grains  of  silica  ;  the 
burned  portion^  amounting  to  6.6  grains,  being  considered  as  sulphur. 
There  was  also  an  inappreciable  portion  of  sulphate  of  lead. 

b.  The  filtered  solution  being  evaporated,  let  fall  crystals  of  nitrate 
of  lead  ;  the  evaporation  was  carried  nearly  to  dryness,  and  the  resi- 
due, put  into  8  ounces  of  water,  deposited  a  quantity  of  oxide  of  bis- 
muth, which  being  collected,  washed,  and  dried,  weighed  20  grains. 
On  evaporating  the  filtered  liquor  to  half  its  bulk,  there  was  a  ftirther 
deposit  of  3  grains  of  oxide  of  bismuth.  Now,  23  grains  of  oxide  of 
bismuth  may  be  c(»nputed  as  equal  to  20.5  of  the  metal. 

e.  The  evaporation  was  now  carried  neariy  to  dryness,  a  portion  of 
excess  of  acid  driven  ofi*,  and  the  residue  again  diluted,  by  which  a  very 
slight  torbidness  was  produced,  but  no  appreciable  portion  of  bismu- 
tiiic  oxide  deposited.  1  therefore  poured  sulphate  of  soda  into  the  so- 
lution, and  the  precipitate  of  sulphate  of  lead  thus  formed,  weighed, 
when  dry,  18.5  grains,  equivalent  to  about  12.7  of  lead, 

d- '  The  filtered  liquor  was  now  evaporated  to  dryness,  and  the  resi- 
due dissolved  in  a  small  quantity  of  water ;  carbonate  of  soda  was  added^ 
and  the  blue  precipitate  being  collected  and  washed,  was  digested 
in  ammonia,  in  which  it  was  totally  soluble  ;  the  anmionia  being  driven 
off,  the  residue  was  heated  red-hot,  and  had  the  properties  of  pure 
peroxide  of  copper ;  it  weighed  8  grains,  which  is  neariy  equivalent  to 
6.5  of  copper. 

These  were  all  the  components  of  this  triple  sulphuret  which  I  could 
separate,  though,  from  its  odour  before  the  blow-pipe,  I  suspect  the 
existence  of  a  trace  of  arsenic  in  it :  the  following,  therefore,  are  th^ 
results  of  the  analysis  : — 

Sulphur  (a) 6.5  grains. 

Bismuth  (6) 20.5 

Lead  (c) 12.7 

Copper  {d) 6.6 

46.2 

Silica  (a) 2.3 

Loss 1.5 

50.0 

From  the  small  quantity  of  the  needle  ore  in  my  possession,  1  could 
not  repeat  this  analysis,  nor  could  I  employ  separate  portions  for  the 
separation  of  its  several  components. 

Dr.  John  (^Chemieche  Untereuchungenf  p.  216.)  whose  analysis  is,  I 
believe,  the  only  one  previously  published,  gives  the  following  as  the 
composition  of  this  ore  of  bismuth : 
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Bismath 43.20  ....  21.60 

Lead 24.32  ....  12.16 

popper 12.10  ....  6.05 

Sulphur 11.58  ....  5.79 

Nickel 1.58  ....  0.79 

Tellurium 1.32  ....  0.66 

Gold 0.79  ....  0.39 

94.89  47.44 

Lout 5.11  ....  2.56 


100  50.00 

It  may  be  observed,  that  in  both  these  analyses,  but  especially  in 
the  latter,  the  proportion  of  sulphur  falls  short  of  that  required  to 
constitute  the  respective  sulphurets  of  lead,  copper,  and  bismuth,  and 
that  the  loss  therefore  may  be  most  plausibly  ascribed  to  sulphur. 

1465.  The  Native  Oxide  of  Bi$muth  consists,  according  to  Lampa* 
Auf ,  of 

Oxide  of  bisn\uth 86.3 

Oxide  of  Iron 5.2 

Carbonic  acid 4. 1 

Water 3.4 

Heat  would  expel  both  the  water  and  carbonic  acid  from  this  com- 
^und :  the  relative  proportion  of  the  latter  might  be  learned  by  the 
loss  of  weight  during  effervescence.  The  ore  might  then  be  dissolved 
in  the  smallest  possible  quantity  of  nitric  acid,  and  excess  of  ammonia 
would  precipitate  the  peroxide  of  iron,  but  retain  the  bismuth  in  so- 
lution ;  the  oxide  of  bismuth  might  then  be  obtained  by  evaporation  to 
diyness,  and  exposure  to  heat  sufficient  to  decompose  the  nitrate  of 
ammonia. 


Sectioit  XVII.     Of  the  Combinationt  of  Cobalt- 

1466.  The  analyses  of  the  chloride  and  of  the  sulphate  of  cobalt 
are  given  in  Section  XVII.  of  the  preceding  Chapter,  (paragraphs  960 
and  909.)  from  whiah  the  equivalent  of  the  metal  is  deduced. 

The  principal  difficulties  that  occur  in  examining  the  combinations  of 
cobalt  are,  its  separation  from  arsenic,  from  nickel,  and  from  copper, 
which  may  be  performed  as  follows. 

a.  100  grains  of  an  alloy  of  cobalt,  arsenic,  nickel,  and  copper,  are 
digested  in  nitric  acid  till  perfectly  dissolved ;  the  solution  is  then  eva- 
porated to  dryness,  and  a  fresh  portion  of  nitric  acid  distilled  off*  tlie 
dry  salt,  in  onier  to  ensure  the  complete  acidification  of  the  arsenic ; 
the  residue,  consisting  of  arseniates  of  cobalt,  copper,  and  nickel,  may 
then  be  treated  by  nitrate  of  lead,  which  will  remove  the  arsenic  acid 
in  the  form  of  insoluble  arseniate  of  lead ;  but  a  more  convenient 
method  of  proceeding  is  perhaps  as  follows :  boil  the  arseniates  re- 
peatedly in  solution  of  potassa,  until  that  alcali  do  longer  takes  up 
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^irsenic  acid ;  tiie  oxides  of  cobalt,  nickel,  aiid  copper,  will  tbus  be 
obtained  nearly,  if  not  quite,  free  from  arsenic  acid. 

b.  To  separate  the  oxides  of  copper,  cobalt,  and  nickel,  dissolre 
them  (in  the  stiite  of  hydrates)  in  dilute  nitric  -acid,  and  immerse  a  plate 
of  iron,  which  will  Uirow  down  metallic  copper,  and  a  miiced  nitrate 
of  iron,  cobalt,  and  nickel,  will  be  obtained. 

c.  To  this  mixed  nitrate  add  potassa,  wash  the  precipitate,  and  digest 
it  in  ammonia,  which  will  take  up  the  oxid^  of  cobalt  and  nickel* 
leaving  the  peroxide  of  iron. 

d.  The  ammoniated  solution  of  cobalt  ^nd  nickel  may  be  treated  as 
directed  by  Mr.  R.  Phillips,  {PkiL  Magazine^  xvi.  313.)  Evaporate 
it  till  the  excess  of  ammonia  is  expelled  (which  if  known  by  no  change 
of  colour  being  produced  by  it  on  turmeric  paper),  and  then  add  solu- 
tion of  potassa,  and  dilute  consideniMy ;  the  oxide  of  nickel  instantly 
611s,  but  that  of  cobsdt  remains  some  time  in  solution,  and  may  be  ols 
lained  by  neutralizing  the  alcaliue  liquor. 

1467.  The  following  is  Tassaert's  anriysis  of  ilie  Anemcal  Cohmk^, 
or  wkiie  cobalt  glamct  of  Ttmneberg. 

That  the  reader  may  better  understand  the  process,  it  may  be^re- 
mised,  that  when  reguline  arsenic  is  boiled  with  a  Uule  nitric  acid,  it  itf 
dissolved  and  converted  into  white  oxide,  all  of  which  is  deposited  by 
mere  evaporation  to  a  small  bulk  of  liquid  ;  but  When  wntch  nitric  acid 
is  used,  the  arsenic  is  more  or  less  acidified,  becomes  thereby  much 
more  soluble  in  water,  and  then  acting  as  an  acid,  it  readily  dissolves 
cobalt,  iron,  4*c.,  forming  arseniates  of  thoee  metais,  whidi  we  decom- 
posable by  the  fixed  alcalis.  It  may  be  dso  added,  that  oxide  of  coihak 
is  soluble  in  ammonia,  but  oxide  of  iron  is  not ;  and  that  the  nitrate  of 
iron  deposits  much  of  its  iron  by  mere  exposure  to  air,  bat  tlie  nitrale 
of  cobsdt  remains  clear. 

A.  To  estimate  the  quantity  of  arsenic  separately,  M.  Tassaert  4i- 
^    getted  100  parts  of  the  cobalt  ore  with  dilute  nitric  acid,  and  in  some 

hours  the  whole  was  dissolved,  but  by  cooling  deposited  a  quantity  ctf 
white  crystalline  grains.  On  evaporation,  more  of  them  were  depo- 
sited, and  when  all  had  thus  separated,  they  were  collected  and  dried, 
and  weighed  56  parts,  all  of  which  was  sublimed  by  heat  except  3  parts, 
probably  a  mixture  of  arsenic  and  cobalt.  Hence  the  oxide  of  arsenic 
from  this  ore  may  be  reckoned  at  about  53  parts,  indicatii^  49  ptr  cent, 
of  metallic  arsenic  in  the  ore. 

B.  300  parts  of  the  ore  were  then  digested  with  four  times  as  much 
nitric  acid,  which  made  a  rose*coloured  solution.  By  partial  evapora- 
tion, adding  water,  and  heating,  a  rose-white  precipitate  (a)  fell  down, 
leaving  a  rose-coloured  solution.  This  solution,  boiled  witii  an  excess 
of  potash,  gave  an  oxide  of  cobalt,  at  first  rose-coloured,  then  passing 
to  green,  and,  when  dried  in  a  red  heat,  black.     It  weighed  86  parts. 

c.  The  85  parts  of  the  last  experiment  were  then  examined  for  iron. 
When  re-dissolved  in  nitro-munatic  acid,  pure  ammonia  was  added, 
which  gave  a  black  precipitate,  which  was  all  re-dissolved  by  an  excess 
of  the  alcali  except  a  small  portion,  which,  again  treated  with  nttro- 
muriatic  acid  and  ammonia,  was  reduced  to  4  parts,  and  appeared  to  bo 
oxide  of  iron. 

D.  The  rose-precipitate  of  experiment  b,  which  proved  to  be  a 
mixed  arseniate  of  cobsdt  and  iron,  was  decomposed  by  caustic  potash 
in  excess,  siid  gave  a  precipitate  weighing  100  parts  when  dried. 
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periment  were  re-diBSoWed  in  nitric 

:!y,  and  then  diluted  with  water ;  si 

filing  27  parts  then  separated,  and  a 

:i'  hist  experiment  was  decomposed  by 
•  i^ -dissolved  bj  an  excess  of  the  alcali, 
•  •xide  of  iron  :  the  solution  was  added  to 
perimcnt  c. 

■ates  of  oxide  of  iron  of  c,  e,  and  f,  were 
:  they  still  ga^e  a  blue  glass  with  borax,  and 
lain  portion  of  cobalt.  Acetic  acid  was  found 
;)llng  them  :  for  this  purpose  they  were  re-dis- 
•c  acid,  precipitated  by  just  sufficient  ammonia, 
hilst  itiU  wet  was  put  into  acetic  acid.  This  dis- 
'  first,  but  on  boiling  and  evaporating  the  solution 
most  of  the  iron  separated,  and  by  re-dissolving 
tporating  nearly  to  dryness  successively  ibur  times, 
.lie  of  iron  was  rendered  insoluble,  whilst  the  cobalt 
iiolntioB,  and  this  acetited  cobalt  in  proportion  as  it  was 
n  became  more  and  more  of  a  fine  rose  colour.  This 
.  sopenoCiirated  with  ammonia,  and  the  solution  of  anuno- 
ii  was  added  to  the  different  portions  of  the  same  obtained 
uer  experiments.  The  whole  was  then  boiled  to  expel  the 
'^  a,  and  by  adding  potash  the  whole  of  the  pure  oxide 
wUch  when  well  washed  and  dried,  weighed  133 
reduced  in  a  crucible  lined  with  charcoal,  gave 
in  its  psrest  form,  of  the  specific  gravity  of  8.53&, 
j^yaimce  totally  free  from  arsenic  and  iron. 
If,  to  estimate  vtbe  quantity  of  sulphur,  100  parts  of  the  ore 
Mlely  boiled  with  500  of  nitric  acid,  and  diluted  with  water. 
Mil  the  oxide  of  arsenic  that  would  be  deposited  spontane- 
■ihotnlphnr  being  now  converted  into  sulphuric  acid  by  the 
ke  mtric  acid,  nitrate  of  barytes  waa.  added,  and  from  the 
ilftolphate  of  barytes,  the  quantity  of  sulphuric  acid,  and  of 
'  Mlphur,  was  estimated  according  to  known  proportion?. 
OicliMiary,  i.  307. 


IscTioN  XV III.     Of  the  Combinations  of  Uranium. 

r  Section  XVlll.  of  the  preceding  Chapter,  the  Pechhlende 
fegiats  is  erroneously  represented  as  a  Native  Sulphuret  of 
it  is,  however  an  oxide  of  uranium,  combined  with  a  little 
OD,  snlphnrct  of  lead,  and  s^ilica  ;  probably  accidental  ingre* 
hown  by  the  following  resuhs  of  KlaproUi's  analysis  of  the 
^  wranium,  from  Joachimsthal : 

Oxide  of  uranium 86.5 

Oxide  of  iron 2.5 

Sulphuret  of  lead 6.0 

Silica 5.0 

100. 


376  ANALYSES  Or  T*E 

1469.  The  following  b  a  general  process  for  the  analysis  of  aranitic 
ores. 

a.  Digest  in  dilute  nitric  acid,  which  separates  sulphur  and  silica  (if 
sufficiently  dilute  without  the  acidification  of  the  former)  ;  bum  off 
the  sulphur,  and  the  silica  remains. 

b.  To  the  nitric  solution  add  sulphate  of  soda,  which  separates  leai 
in  the  state  of  sulphate. 

c.  To  the  remaining  solution  add  liquid  potassa  in  excess,  and  boil ; 
filter,  wash  the  precipitate,  and  digest  it  in  pure  ammonia  which  takes 
op  the  copper,  and  which  may  be  obtained  by  inunersing  a  plate  of 
zinc  in  the  ammoniacal  solution  slightly  supersaturated  with  sulphuric 
acid. 

.  d.  Digest  the  portion  of  the  precipitate  c,  insoluble  in  ammoma«  in 
bi-carbonate  of  potassa,  which,  if  used  in  sufficient  quantity,  takes  up 
oxide  of  uranium,  leaving  oxide  of  iron^ 

1470.  The  Micaceout  Uranite^  from  the  Gunnis  Lake  mine  in  Corn- 
wall was  analyzed  as  follows,  by  Mr.  Gregor  {AnnaUs  of  PhUosapky,  r. 
281.)  : 

a.  100  grains  lost,  by  exposure  to  a  low  red  heat,  15.4  grains  of 
water. 

6.  100  grains  Tnot  previously  ignited),  repeatedly  boiled  in  exceu 
of  nitric  acid,  len  a  residue  amounting  only  to  0.1  grain  of  silica  and 
oxide  of  iron. 

c.  Excess  of  ammonia  added  to  the  nitric  solution,  threw  down  a 
yellow  precipitate,  which,  digested  in  excess  of  ammonia,  gave  a  blue 
solution,  and  left  74.9  grains  of  oxide  of  uranium,  not  quite  pure. 

d.  The  ammoniacal  solutions  were  evaporated  to  dryness,  and  the 
residue  again  digested  in  ammonia  left  0.2  grains  of  oxide  of  uranium. 
The  ammoniacal  solution  again  evaporated,  and  the  residue  dissolved 
in  nitric  acid,  gave  with  potassa  a  precipitate,  which  dried  and  ignited, 
was  7.65  grains  of  oxide  of  copper. 

e  The  74.9  grains  of  oxide  c,  digested  in  dilute  sulphuric  acid,  left  a 
trace  of  lead.  The  sulphuric  solution,  precipitated  by  excess  of  am- 
monia, still  showed  traces  of  copper,  and  by  a  cylinder  of  zinc  gave 
0.5  grain  of  metallic  copper  =  0.62  of  oxide  ;  so  that  the  74.9  grains 
of  process  c  were  reduced  to  74.28,  to  which  add  the  0.2  grain  of 
process  df,  and  it  gives  the  whole  amount  of  oxide  of  uranium  =• 
74.48.    The  results  of  the  above  analysis  are 


Oxide  of  uranium,  with  a  >  74  40 

trace  of  lead ^ 

Oxide  of  copper,  d  e  ,  .  8.20 

Water 15.40 


98.08 
Loss 1.92 

100.00 


% 
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:•  Comhinatiims  of  Titanium. 

:'M.:Iin  have  furnished  analyses  of  Die  U- 
iiig  ox:imi)l«^3  will  suflice 
iroin  Buvurici  was  thus  anulyzed  by  Kla- 

i>r  were  ignited  for  an  hour  with  400  grains 
resulting  mass  digested  in  muriatic  acid  left 

-sa  was  added  to  the  muriatic  solution,  and  the 
J,  being  again  digested  in  muriatic  acid,  left  23 


:i  was  then  added  to  the  preceding  solution,  and 
i  and  ignited  giive  33  grains  of  oxide  of  titanium. 
>iiing  fluid,  whilst  boiling,  cftrbonatc  of  potassu  was 
f:cipitate  having  been  duly  ignited,  gave  33  grains  of 

4  then  are  the  component  parts  of  this  mineral : 

.silica,  a  b 35  grains 

Oxide  of  titanium,  c  .  .  .  .     33 
Lime,  d 33 

101 

..  Tin  following  is  Vauquelin^s  analysis  of  the  Menachanite  of 
deg  Minesy  No,  19.)  : 

6nely  pulverized  were  fused  for  an  hour  and  a  half 

I,  with  400  grains  of  potassa ;  the  fused  mass,  di« 

%  left  1S4  grains  of  red  insoluble  powder. 

1S4  grains  were  boiled  with  potassa,  and  the  solution,  aflor 

with  muriatic  acid,  was  treated  with  carbonate  of  polassa, 

down  3  grains  of  oxide  of  titanium. 
retidue  of  the  124  grains  w:is  digested  with  dilute  muriatic 
left  46  grains  of  oxide  of  titanium. 
DHixiatic  solution,  saturated  by  ammonia,  gave  50  grains  of 


lift  dcaline  solution  a,  which  was  of  a  green  colour,  was  super- 
il  by  muriatic  acid,  and  evaporated  to  dryness  ;  the  dry  residue 
ti  no  silica,  for  it  dissolved  entirely  in  water ;  on  the  addition 
Diwte  of  potassa,  it  yielded  2  grains  of  carbonate  of  manganese. 


Section  XX.     Of  the  Combinations  of  Cerium. 

Cerite  (997)  was  analyzed,  with  the  following  results,  by  Vau 
Jhmales  du  Museum,  v.  412.)  : 

67    oxide  of  cerium 
17    silica 
2    oxide  of  iron 
2    lime 
12    water  and  carbonic  aci<i 


100 


3  K 
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The  followiDg  direclioDB  for  the  analysis  of  this  ore  are  given  bjr 
Messrs.  Aikin : 

a.  Havingminutely  pulverized  the  ore,  weigh  it,  then  ignite  it  and 
weigh  it  again ;  the  difference  may  be  set  down  as  the  amount  of  wa- 
ter. 

b.  Digest  the  calcined  ore  in  repeated  portions  of  nitro-muriatic 
acid,  and  when  nothing  further  is  taken  up,  fuse  the  residue  with  caus- 
tic potash  ;  then  dissolve  out  the  mass  by  muriatic  acid,  evaporate  to 
dryness,  and  digest  again  in  very  dilute  muriatic  acid  ;  the  insoluble 
residue  is  silex. 

c.  Add  together  the  muriatic  and  nitro-muriatic  solutions,  and  de- 
compose the  whole  at  a  boiling  heat  by  saturated  carbonate  of  potash  ; 
re-dissolve  the  whole  in  as  little  muriatic  acid  as  possible,  heat  the  so* 
lution  to  drive  off  the  last  remains  of  carbonic  acid^  and  add  perfectly 
caustic  ammonia  tUl  th^re  is  an  evident  excess ;  separate  the  preciiM- 
tate,  and  add  to  the  clear  liquor  as  much  muriatic  acid  as  will  aatorate 
it,  and  then  throw  down  from  it  the  lime  in  the  state  of  carbonate,  by 
means  of  a  mild  fflcali. 

d.  The  ammoniacal  precipitate,  consisting  of  the  oxides  of  cerion 
and  iron,  is  to  be  dissolved  in  muriatic  acid*  and  liquid  hydroiulphiiret 
of  potash  is  to  be  dropped  in  till  the  precipitate^  which  at  first  will  be 
greenish,  becomes  white  ;  the  clear  liquor  beii^  separated  and  treated 
with  carbonate  of  potash,  affords  a  white  precipitate,  which  is  carbon- 
ate of  cerium. 

e.  The  greenish  precipitate  is  to  be  dissolved  in  as  little  muriatic 
acid  as  possible,  and  the  solution  being  neutralized  by  an  alcali  to  the 
point  of  precipitation,  sulphate  of  soda  is  to  be  added,  which  will 
throw  down  a  sulphate  of  cerium ;  the  residual  fluid  being  then  de- 
composed by  ammonia,  deposits  oxide  of  iron. 

/.  The  sulphate  of  cerium  e  is  now  to  be  boiled  with  thrice  its  weight 
91  carbonated  soda,  by  which  it  will  be  converted  into  carbonate,  which 
is  to  be  dissolved  in  dilute  muriatic  acid,  and  again  precipitated  by  car- 
bonate of  potash  or  of  soda. 

g.  The  carbonates  of  cerium  (d  and/)  are  now  to  be  calcined,  by 
which  the  pure  brown  oxide  of  cerium  will  be  ohtBined.— Addenda  to 
the  Dictionary,  iii.  509. 

1474.  Manite,  (997)  analyzed  by  Dr.  Thomson  {Edinburgh  Phil. 
Trans. t  vi.  985.)  was  found  to  contain  the  following  substances : 

Oxide  of  cerium 33.9 

Oxide  of  iron 25.4 

Silica 35.4 

Lime 9.2 

Alumina 4.1 

Water 4.0 


112.0 


Sectiok  XXI,     0/  the  C<nnbinaHon$  of  Tellurium . 

1475.  The  following  is  an  outline  of  the  analysis  of  several  com- 
pounds of  tellurium  given  by  Klaproth,  in  his  Chemical  Examination 
of  the  Auriferous  Ores  of  Transylvania^  Essays  ii.  I. 
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1476.  Native  Ttlluriumy  from  Fatzebay  in  Transylvania,  contain?, 
acrording  to  that  celebrated  analyst, 

92.55    tellurium 
7.20    iron 
0.25    gold 


100. 

The  following  method  was  pursued  in  the  decomposition  of  thi^ 
ore-: 

a.  It  was  separated  as  much  as  possible  from  its  stony  matrix  and 
pulverized,  was  digested  in  six  parts  of  warm  muriatic  acid,  to  which 
were  added,  cautiously  and  at  intervals,  three  parts  of  nitric  acid  ;  the 
compound  acid  acted  violently  on  the  ore,  and  took  up  the  whole  of  it 
except  the  quartzose  matrix. 

hn  The  acid  solution  being  diluted  with  as  much  water  as  it  would 
bear  without  decomposition,  was  combined  with  caustic  potassa,  upon 
which  a  copious  precipitate  fell  down ;  more  alcali  was  then  added, 
till  the  whole  of  the  precipitate  that  was  resoluble  in  this  menstruum 
was  taken  op.  There  remained  behind  a  dark-brown  residue,  con- 
sisting of  the  oxides  of  gold  and  iron.       ' 

c  The  residue  of  h  was  then  dissolved  in  nitro-mnriatic  acid,  to 
which  was  afterwards  added,  drop  by  drop,  nitrate  of  mercury,  pre- 
pared in  the  cold,  as  long  as  the  precipitate  thus  formed  appear- 
ed of  a  brown  colour ;  this  precipitate,  consisting  of  gold  and  mu- 
riate of  mercury,  was  then  pretty  strongly  ignited  in  a  crucible  with 
borax,  by  which  the  mercury  was  driven  off,  and  a  button  of  pure  gold 
remained. 

d.  To  the  nitro-mnriatic  solution  c,  was  now  added  caustic  alcali,  by 
which  the  oxide  of  iron  was  thrown  down. 

e.  The  alcaline  solution  h  was  accurately  saturated  with  muriatic 
acid,  and  then  heated,  by  which  a  white  heavy  powder  was  obtained  ; 
which,  after  being  washed  in  a  mixture  of  equal  parts  of  alcohol  and 
water,  and  then  gently  dried,  was  pure  oxide  of  tellurium. 

1477.  The  grt^  ore  of  Tellurium^  or  Graphic  Gold^  of  Offenbanya-, 
contains 

60    tellurium 
30    gold 
10    silver. 

This  ore  was  treated  in  the  following  manner : 

a.  The  finely  pulverized  ore  was  digested  in  nitro-muriatic  acid  till 
nothing  more  was  taken  up. 

6.  The  insoluble  residue,  consisting  of  quartz  and  muriate  of  sil- 
ver, was  fused  with  five  times  its  weight  of  carbonated  soda,  by  which 
the  silver  was  obtained  in  the  metallic  state. 

c.  The  nitro-muriatic  solution  being  concentrated  by  evaporation, 
was  largely  diluted  by  alcohol,  upon  which  the  oxide  of  tellurium  pre- 
cipitated ;  and  this  being  re-dissolved  in  muriatic  acid,  was  obtained  in 
black  metallic  flocculi,  by  means  of  a  bar  of  polished  iron. 

d.  Tho  nitro-muriatic  solution  c,  after  separation  of  the  tellurium^ 
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eoBtaiDed  only  gold^  which  was  procured  by  the  addition  of  a  eolotioB 
of  green  sulphate  of  iron. 

1478.  The  yellow  ore  of  Telluriuniy  from  Nagayag,  is  composed,  ac- 
cording to  Klaproth,  of 

44*76  tellurium 

26.75  gold 

19.50  lead 

8.50  silver 

0.50  sulphur 


100. 


He  performed  the  analysis  of  this  ore  nearly  as  follows  : 

a.  400  grains  of  the  pulverized  ore  were  digested  with  nitric  acid, 
till  every  thing  soluble  in  this  fluid  had  been  taken  up. 

b.  The  nitrous  solution  was  combined  with  muriatic  acid,  as  long  as 
any  precipitation  took  place ;  by  this  there  was  obtained  51  grain!«  of 
a  white  powder,  of  which  43  grains  were  again  resoluble  in  boiling 
water.  The  insoluble  portion,  amounting  to  8  grains,  was  muriated 
silver. 

r.  The  solution,  containing  the  43  grains  above-mentioned,  was  con- 
centrated by  gradual  evaporation,  and  aflbrdcd  delicate  needJe-fbrm- 
crystals  of  muriated  lead. 

d.  The  residue  of  a,  insoluble  in  nitric  acid,  was  then  treated  with 
nitro-muriatic  acid,  as  long  as  any  thing  was  taken  up;  the  solution 
was  mixed  with  the  nitro-muriatic  solution  6,  and  reduced  by  evapora- 
tion till  it  ceased  to  deposit  muriate  of  lead.  1 1  grains  were  thus  ob- 
tained. 

e.  To  the  concentrated  solution  (f,  was  added  caustic  potash  in  ex- 
cess^ which  threw  down  a  copious  blackish-brown  precipitate  ;  this  be^ 
ing  separated,  the  alcaline  liquor  was  saturated  with  muriatic  acid,  and 
the  white  precipitate  thus  obtained,  being  again  dissolved  in  muriatic 
acid,  and  then  precipitated  by  means  of  a  stick  of  zinc,  aflbrded  85 
grains  of  metallic  tellurium. 

/.  The  blackish-brown  precipitate  of  c  was  dissolved  in  nitro-muria- 
tic acid,  and  the  liquor  was  nearly  saturated  with  caustic  potash  ;  nitrat- 
ed mercury  was  then  added,  till  the  precipitate  began  to  be  white  ; 
this  precipitate  being  separated  by  the  filter,  and  w:ished,  the  filter, 
with  its  contents,  was  ignited  in  a  crucible,  and  a  little  nitre  being  add- 
ed, the  fire  was  increased,  and  a  button  of  pure  gold  was  thus  obtained, 
weighing  50.75  grains. 

g.  The  remainder  of  the  nitro-muriatic  solution  /  was  saturated 
with  carbonated  potash,  and  a  precipitate  was  obtained,  consisting  of 
oxide  of  manganese,  mixed  with  carbonated  lime,  and  a  little  alumine 
and  oxide  of  iron. 

A.  The  insoluble  residue  of  d,  weighing  120.5  grains,  and  consisting 
chiefly  of  quartz,  wm  gently  heated,  by  which  it  loijit  about  1  grain, 
which  was  sulphur;  being  then  mixed  with  four  times  its  weight  of 
carbonated  potash,  and  fused,  there  was  obtained  a  button  of  silver, 
weighing  10. 1 25  grains. 

1479.  The  black  ore  of  Tellurium,  also  from  Nagayag,  according  to 
the  same  analyst  consists  of 
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64.0 

lead 

39.2 

tellurium 

9.0 
0.5 

gold 
silver 

1.3 
3.0 

copper 
sulphur 

100.0 

This  ore  was  analyzed  iu  the  followiog  manuer  ; 

a.  1000  grains  of  the  pulverized  ore  were  digested  with  10  oubcas 
9f  muriatic  acid,  to  which  was  added,  by  degrees,  a  little  nitric  acid  ; 
this  being  poured  off,  6  ounces  more  of  muriatic  acid  were  added, 
by  which  every  thing  soluble  in  this  menstruum  was  taken  up  ;  to  th« 
filtered  solution  boiling  water  wa9  added,  to  re-dissolve  the  muriatt 
of  lead  which  had  begun  to  be  deposited. 

b.  Of  the  insoluble  residue  a  part  had  cohered  into  a  mass,  and  wan 
for  the  most  part  sulphur,  weighing  17.5  grains  ;  being  gently  ignited, 
it  left  behind  3.5  grains  of  a  blackish  matter,  which  was  dissolved  is 
muriatic  acid,  and  added  to  the  foregoing  solution.  Hence  the  sulphur 
of  the  ore  amounted  to  14  grains. 

c.  The  remainder  of  the  insoluble  residue  was  for  the  most  part 
quartz,  and  weighed  440.5  grains.  Being  melted  with  four  times  its 
weight  of  carbonated  potash  there  appeared,  on  breaking  the  mass,  a 
few  globules  of  silver,  amounting  to  about  2.5  grains  equivalent  to  3.5 
grains  of  muriated  silver  ;  so  that  the  quartzose  matrix  was  equal  to 
437  grains. 

d.  7*he  solution  a  being  concentrated  by  evaporation,  crystals  of 
muriated  lead  were  deposited,  to  the  amount  of  330  grains,  equivalent 
to  248  of  metallic  lead. 

e.  Having  thus  separated  the  lead,  the  remainder  of  the  solution 
was  largely  diluted  with  alcohol,  by  which  a  white  oxide  of  tellurium 
was  thrown  down  ;  this  oxide  being  re-dissolved  by  muriatic  acid,  and 
again  precipitated  by  caustic  soda,  afforded  178  grains  of  oxide,  equi- 
valent to  148  grains  of  reguline  tellurium. 

/.  The  alcoholic  solution  was  next  distilled,  by  which  the  alcohol 
was  separated  ;  the  residual  fluid  being  diluted  with  water,  was  treated 
with  nitrate  of  mercury,  in  the  way  already  described,  by  which  a  but- 
ton of  gold  weighing  41.5  grains  was  obtained. 

g.  The  residual  fluid  off  was  saturated  with  carbonated  soda,  and 
boiled,  by  which  a  bluish-grey  precipitate  was  obtained  ;  by  digestion 
in  muriatic  acid  it  dissolved,  and  oxy-muriatic  acid  gas  was  produc- 
ed ;  the  muriatic  solution  being  then  supersaturated  with  carbonated 
ammonia,  there  was  deposited  carbonated  mang^pese,  mixed  with  iron, 
to  the  amount  of  92  grains. 

h.  The  ammoniacsd  solution  was  of  a  blue  colour,  upon  which  it  was 
ftupersaturated  with  sulphuric  acid,  and  a  plate  of  iron  being  immersed 
in  tlie  fluid  there  were  deposited  6  grains  of  copper. 

The  above  abridged  account  of  Klaproth's  analyses  of  the  ores  of 
tellurium  is  extracted  from  Messrs.  Aikin's  Dictiimary^  and  contains  a 
variety  of  instructive  details  to  the  student  in  analytical  chemistry. 
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Sfxtioh  XXII.     Of  Hu  Combinations  of  Seleniunu 

14^0.  The  compoands  of  this  eubstance  have  hitherto  been  exa- 
niined  by  Berzehus  only  ;  he  discovered  it,  as  has  already  been  stated, 
in  tKe  sulphuret  of  iron  from  Fahlun,  from  which  sulphur  is  obtained 
for  the  formation  of  sulphuric  acid  ;  when  burned  for  this  purpose,  a 
brown  compound  remains,  which  consists  of  sulphur,  and  a  peculiar 
substance  exhaling  a  strong  smell  of  horse-radish  when  heated  bj  the 
blow-pipe :  this  substance,  called  by  its  discorerer  Sdeniwm  {from 
rfA«f«,  the  moon),  indicative  of  its  analogy  to  Tellurium^  was  separaited 
in  minute  portions  from  the  brown  compound  by  a  very  tedions  analy- 
sis, of  which  the  essential  part  consisted  in  digesting  it  to  diyness  in 
nitro-muriatic  acid,  adding  water,  and  filtering ;  excess  of  mnriate  of 
ammonia,  added  to  the  filtered  liquid,  threw  down  selenium. 

In  this  state  selenium  fuses  a  little  above  2iS^,  assuming,  when  cool, 
a  brown  colour,  metallic  lustre,  and  crystalline  texture. 

It  combines  with  two  proportions  of  oxygen»  fbrmiqg  an  oxide  and 
an  acid ;  the  acid  consists  of  100  selenium  +  38  oxygen  ;  if,  therefore, 
we  regard  it  as  containing  1  proportional  of  selenioai  +  2  of  oxygen, 
the  number  42  will  represent  selenium,  and  58  aelenic  acid.  But,  ac* 
cording  to  Berzelius's  analyses  of  the  Seleniaie  of  Boiri^^  it  is  compos- 
ed of 

Selenic  acid 100.0 

Baryta 137.7 

« 

and  these  numbers  give  56.G  as  the  equivalent  of  the  acid. 

1481.  Selenium  combines  with  chlorine,  forming  fi  volatile  yellow 
compound  :  its  action  upon  iodine  has  not  been  examined.  Combined 
with  potassium,  and  acted  on  by  dilute  muriatic  acid,  a  colourless  gas  is 
disengaged,  somewhat  resembling  sulphuretted  hydrogen  in  its  odour, 
and  extremely  irritating :  it  is  soluble  in  water,  reddens  vegetable  blues, 
and  causes  precipitates  in  metallic  solutions.  This  gas,  which  it  a  true 
seleniurctted  hydrogen,  consists  of  1  proportional  of  selenium  -{-  1  of  by* 
drogen. 

1482.  Sulphuret  of  Selenium  is  an  orange-coloured  compound,  form- 
ed by  passing  sulphuretted  hydrogen  gas  through  a  solution  of  selenic 
acid  in  water.  It  appears  to  be  a  sesqui-sulphurety  containing  3  pro- 
portionals of  sulphur  +  2  of  selenium. 

1483.  Phosphurct  of  Selenium  is  a  fusible  brown  compound,  which 
has  not  been  analyzed. — Berzelius.  Annales  de  Chemie  et  Physique, 
ix.     Annals  of  Philosophy ,  xiii.     Thomson's  System,  6th  Edit.,  i.  S97. 

1484.  The  following  analysis  of  a  supposed  ore  of  tellurium,  from 
Sweden,  by  Berzelius,  and  in  which  he  discovered  selenium,  I  subjoin 
as  an  example  of  his  method  of  proceeding  (Children's  Translation  of 
Therard  on  Analysis,  408.)  : 

a.  100  parts  of  the  purest  portions  of  the  mineral,  carefully  selected, 
were  dissolved  in  boiling  nitric  acid,  the  solution  diluted  with  boiling 
water,  and  filtered  ;  the  clear  liquor  gave  a  precipitate  with  solution  of 
common  salt,  and  the  matter  which  remained  on  the  filter  was  washeil 
with  boiling  diluted  nitric  acid,  as  long  as  the  washings  were  rendered 
turbid  by  solution  of  sea-salt. 
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The  chloride  of  silyer,  after  being  washed,  dried,  and  fused,  weigh- 
ed 50.7  parts,  equal  to  38.93  of  silver.  The  substance  remaining  on 
the  filter  consisted  of  silica  and  stony  matter,  and  weighed,  after  being 
heated,  4  parts. 

6.  The  liquid  from  which  the  silver  had  been  separated  was  precipi- 
tated by  sulphuretted  hydrogen  gas  ;  the  precipitate  re-dissolved  in 
aqua  regia,  and  the  solution  concentrated  till  the  nitric  acid  was  entire- 
ly decomposed.  It  was  then  diluted  with  water,  and  sulphite  of  ammo- 
nia added,  when  the  liquid  gradually  became  turbid,  and  acquired  a 
cimiabar  red^colour.  After  some  hours  it  was  boiled,  and  small  por- 
tions of  sulphite  of  ammonia  added  from  time  to  time.  The  boiling 
was  continued  two  hours,  in  order  to  precipitate  the  whole  of  the  se- 
lenium ;  collected,  dried,  and  heated  nearly  to  fusion  on  the  filter,  it 
we^ed  26  parts. 

c.  From  the  liquid,  separated  from  the  selenium,  and  deprived  of  its 
fulphurous  acid  by  boiling,  subcarbonate  of  potassa  threw  down  a  green 
precipitate,  which,  when  washed,  dried,  and  heated  red,  was  converted 
into  black  oxide  of  copper,  and  weighed  27  parts,  equivalent  to  21.55 
of  copper.  This  oxide,  dissolved  in  muriatic  acid,  gave  a  blue  solu- 
tion, with  an  excess  of  ammonia.  The  alcaline  liquor,  from  which  the 
cwbonate  of  copper  had  been  separated,  still  retained  a  greenish  tinge ; 
it  was  concentrated  and  slightly  acidulated  with  muriatic  acid,  and  a 
farther  precipitate  of  1.5  part  of  copper  separated  by  a  plate  of  iron, 
which  inakes  the  whole  of  the  copper  23.05. 

d.  The  liquid,  precipitated  by  sulphuretted  hydrogen,  (6)  was  de- 
prived of  the  excess  of  gas  by  boiling,  and  mixed  with  caustic  ammo- 
nia, which  threw  down  a  yellowish  precipitate,  weighing,  when  dried, 
1.8  parts,  and  was  a  mixture  of  oxide  of  iron  wi&  a  little  alumina. 
The  remaining  solution  was  mixed  with  subcarbonate  of  potassa  in  ex- 
cess, and  evaporated  to  dryness.  The  saline  mass,  re-dtssolved  in 
water,  left  a  white  earth,  which,  heated  red,  weighed  3.4  parts.  Sul- 
phuric acid,  mixed  with  this  earUi,  occasioned  an  effervescence,  and  by 
evaporation  became  gelatinous,  and  deposited  silica ;,  it  appeared  also 
to  contain  magnesia,  but  it  was  not  particulariy  examined,  as  these  earth<( 
were  evidently  foreign  to  the  ore. 

The  results  of  the  analysis  then  are. 

Silver 38.93 

Copper 23.05 

Selenium 26.00 

Earthy  and  foreign  substances  •     8.90 
Loss 3.12 


100.00 


The  loss  must  be  partly  attributed  to  the  carbonic  acid  of  the  Cirbo- 
uate  of  lime  ;  still  more  to  selenium.  Which  it  is  difficult  to  separate 
entirely  ;  and  partly  to  the  loss  unavoidable  in  this  sort  of  experiments. 


Section  XXIII.    Of  the  CombinatioHS  of  Anenic. 

1485.  The  method  of  separating  arsenic  from  some  of  its  combina- 
tions, and  estimating  its  quantity  has  already  been  adverted  to ;  some 
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further  account  of  the  process,  and  of  the  analysis  of  arsenical  combi- 
nations remains  to  be  given. in  this  section. 

Where  the  object  is  merely  to  drive  off  the  arsenic  contained  in  any 
ore,  it  may  be  effected  by  reducing  it  to  powder,  mixing  it  with  saw- 
dust, or  charcoal,  and  applying  a  dull  red  heat  for  some  hours ;  the 
carbonaceous  material,  by  keeping  the  arsenic  in  the  metallic  state 
facilitates  its  escape  in  the  form  of  vapour,  and  by  dividing  the  mate- 
rial, prevents  its  running  into  lumps  by  partial  fusion. 

1486.  To  estimate  the  quantity  of  iron  in  the  arsenical  pyrites^ 
Messrs.  Aikins  advise  the  following  as  a  short  and  converflent  process  ; 
"Add  to  the  powdered  ore  dilute  nitric  acid,  and  digest  in  a  gentle  heat ; 
this  will  dissolve  all  the  arsenic  and  iron,  whilst  most  of  the  sulphur, 
with  the  siliceous  residue,  will  remain  undissolved.  Pour  off*  the  ni- 
trated solution,  mix  with  it  about  twice  as  much  powdered  charcoal  at 
the  quantity  of  ore  employed,  and  evaporate  nearly  to  dryness  ;  put 
the  residue  into  a  tall  crucible,  and  apply  a  brisk  red  heat  for  about  ten 
minutes,  by  which  time  the  arsenic  will  be  almost  entirely  driven  off 
in  copious  fumes,  and  the  residue  will  consist  of  little  else  than  char* 
eoal  and  oxide  of  iron.  Spread  this  upon  a  heated  tile,  till  the  char- 
coal is  almost  burned  off  by  which  any  arsenic  still  adhering  will  be 
dissipated,  and  the  remaining  oxide  of  iron  may  be  reduced,  or  es- 
timated as  mentioned  under  that  metal.  The  nitrous  acid  is  prefer- 
able to  the  muriatic  in  this  process,  as  the  latter,  when  strongly  heated, 
volatilizes  part  of  the  iron,  and  renders  the  assay  incorrect."— ^/^tc- 
tianary,  i.  95. 

1487.  In  the  analysis  of  ores  containing  arsenic,  the  most  certain 
method  of  estimating  its  quantity,  consists  in  acidifying  it  by  nitric 
acid ;  the  arsenic  acid  may  then  be  thrown  down,  with  due  precau- 
tions, by  nitrate  of  lead,  and  the  proportion  of  arsenic  deduced  from 
that  of  the  arseniate  of  lead  ;  the  following  process,  for  instance,  may 
be  followed  in  the  analysis  of  the  stdphuret  of  arsenic  and  iron  (1059)  : 

a.  Digest  100  grains  of  the  ore  in  fine  powder,  in  nitric  acid,  a  little 
diluted,  so  as  sufficiently  to  moderate  its  action ;  a  portion  of  sulphur 
will  remain  undissolved,  together  with  silica,  if  any  be  present,  which 
may  be  separated,  washed,  and  burned,  in  order  to  obtain  the  silica. 

b.  The  acid  solution  containing  nitric,  sulphuric,  and  arsenic  acids, 
and  oxide  of  iron,  may  now  be  supersaturated  with  solution  of  soda, 
and  the  precipitate  boiled  in  the  alcaline  liquor,  which,  being  filtered 
off,  leaves  peroxide  of  iron,  by  which,  when  dried  and  ignited,  the 
equivalent  of  the  metallic  iron  in  the  ore  is  obtained. 

c.  Neutralize  the  filtered  alcaline  liquor  with  nitric  acid,  and  pour 
in  nitrate  of  lead,  which  will  give  a  precipitate  of  sulphate  of  lead 
and  arseniate  of  lead ;  collect  and  wash  it,  and  digest  it  in  dilute  nitric 
acid,  which  will  take  up  the  arseniate,  but  leave  the  sulphate  of  lead  -, 
the  arseniate  may  again  be  obtained  by  saturating  with  soda. 

d.  Estimate  the  sulphur  in  the  sulphate  of  lead,  and  add  it  to  that 
procured  by  process  a.  1(X)  parts  of  the  arseniate  of  lead  are  equiva- 
lent to  56.5  of  metallic  arsenic. 

1488.  Mr.  Chenevix,  in  the  Philosophical  Transactions  for  1801,  has 
given  some  valuable  details  respecting  the  analysis  of  several  ores  ol 
ropper;  the  native  arseniate  of  copper  (^\03S)  he  examined  as  fol- 
lows : 

The  ore  was  first  heated  to  expel  and  estimate  the  water ;  it  was 
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then  digested  in  dilote  nitric  ncid,  and  nitrate  of  lead  poured  in,  to 
form  nrseDiate  of  lead,  pari  of  which  being  held  in  solution  by  etco^fi 
or  nitric  acid,  the  liquor  was  evaporated  nearly  to  dryness,  and  alrohol 
added,  which  occasioned  the  complete  sepanition  of  the  whole  of  the 
arseniatc  of  lead  ;  the  remaining  solution  containing  the  copper  was 
then  boiled  with  potassa  and  the  oxide  of  copper  collected. 

1489.  Fharmacniite,  or  JSTativc  Arseniate  of  Limey  was  submitted  to 
the  following  satisfa.rtory  analysis  by  Klaproth. — Essays,  ii.  221, 

a.  100  grains  lost,  by  being  moderately  heated  in  a  porcelain  cruci- 
ble 22^  grains.  As  in  this  operation,  neither  by  the  smell  nor  by  the 
sight,  any  volatilization  of  any  principle  could  be  obi^erved,  this  loss  of 
weight  must  have  been  caused  by  the  escaping  of  the  water  of  crystal- 
lization. On  the  other  hand,  the  specimens  had  undergone  no  other 
change  by  this  heating,  except  their  surface  being  rendered  a  little 
duller.  But  the  places  spotted  r£d  from  the  cobaltic  crust,  had  now 
astnmed  a  li^t-bluish  colour. 

6.  Those  77^  grains  which  remained  aflet*  the  iji^nition,  dissolved  in 
nihic  acid,  leaving  a  grey  residue  of  6  grains  of  siliceous,  mixed  with 
ai^Uaceous,  earth. 

e.  The  filtered  nitric  solution,  which  somewhat  inclined  to  the  red- 
di^,  was  evaporated  to  a  smaller  volume,  and  mixed  with  a  solution  of 
acetate  of  lead  as  long  as  any  precipitation  ensued.  The  precipitate, 
when  collected,  washed  and  drie<>  at  a  raised  temperature,  weighed 
138  grains.  It  consisted  of  arseniated  lead,  =  46.5  grains  arsenic 
acid. 

d.  What  remained  of  the  fluid  after  the  separation  of  the  prcripi- 
tate,  together  with  the  washings  (c)  was  evaporated  to  some  degree, 
daring  which  green-coloured  borders  appeared  on  the  inner  surface  of 
the  vessel.  In  order  to  separate  the  small  quantity  of  undecomposed 
acetate  of  lead,  it  might  yet  have  contained,  I  added  the  requisite  quan- 
tity of  muriatic  acid.  When,  upon  farther  evaporation  no  muriate  of 
lead  any  longer  appeared,  1  mixed  the  fluid  with  sulphuric  acid.  This 
produced  a  copious  precipitate  of  sulphated  lime,  which  being  collected 
on  the  filter,  washed  with  weak  spirit  of  wine  and  heated  to  redness, 
weighed  54  grains.  Therefore,  since  in  100  parts  of  ignited  g}'p$um 
the  pure  calcareous  earth  amounts  to  42|-  parts,  the  mentioned  54 
grains  determine  the  portion  of  lime  contained  in  the  fossil  examined 
at  23  grains. 

e.  The  remainder  of  the  liquor  was  neutralized  with  carbonate  of 
ioda,  and  reduced  to  the  state  of  siccity.  On  re-dissolving  in  water 
the  dry  saline  mass,  there  remained  a  powder  of  the  colour  of  flax- 
blossoms,  and  I  grain  of  weight,  which  tinged  the  borax-glass  with  a 
fine  deep  blue,  and  thus  proved  to  be  an  oxide  of  cobalt 

Thone  100  grains  of  pharmacolite,  submitted  to  this  analysis,  have, 
therefore,  been  decomposed  into 

Acid  of  arsenic 46.50 

Lime ...•'•.  83 

Oxide  of  cobalt 0.50 

Aluminons  silez 6. 

Water 42.50 

98.§a 
3F 
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Bat  noce  the  cobaitic  oxide  is  here  but  casually  admized,  aa  alao  the 
ailiceous  earth  originates  merely  from  the  granitic  matrix,  it  follows 
that,  after  sabtracting  these,  the  proportions  of  the  constituent  parts 
in  the  pure  pharmacoOte,  are, 

Acid  of  arsenic 50.64 

Lime 26 

Water 24.46 


I 


100. 


Section  XXIV.    Qf  the  Combinations  of  Molybdenum. 

1490.  The  native  JHolybdaie  of  Lead  (1076)  was  analyzed  nearly  as 
Mows  by  Mr.  Hatcbett : 

a.  The  iron  and  molybdic  acid  were  separated  by  the  action  of  hot 
sulphuric  acid  ;  the  silica  and  lead  (in  the  state  of  sulphate,)  were  left 
undissoWed. 

b.  The  acid  liquor,  saturated  by  ammonia,  deposited  oxide  of  iron, 
which  being  separated,  the  whole  was  evaponted  to  drfmess,  and 
heated  to  driye  off  sulphate  of  an^monia,  and  the  di^  residue  was  pure 
molybdic  acid. 

c.  The  undissolved  residue  of  a  was  boiled  with  caibonate  of  soda, 
and  afterwards  digested  in  dilute  nitric  acid :  the  carbonate  of  lead  was 
dissolved,  and  the  silica  remained. 

d.  The  nitrate  of  lead  was  decomposed  by  sulphuric  acid,  and  when 
the  sulphate  of  lead  had  been  separated,  the  residual  liquid  was  satu- 
rated with  ammonia,  which  threw  down  a  small  additional  portion  of', 
•xide  of  iron, 

The  results  of  this  analysis  were, 

Molybdic  acid 38.00 

Oxide  of  lead 68.40 

Oxide  of  iron 2.08 

Silica 0.28 


98.76 


1491.  The  analysis  of  the  sulphuret  of  molybdenum  may  be  per- 
formed by  the  action  of  nitric  acid,  which  separates  part  of  the  sulphur, 
and  acidifies  the  remainder  as  well  as  the  molybdenum  ;  the  quantity 
of  sulphur  being  ascertained  by  weighing  the  separated  portion,  and 
precipitating  by  nitrate  of  baryta  that  wluch  is  acidified,  the  loss  of 
weight  gives  the  proportion  of  molybdenum,  and  the  excess  of  weight 
of  the  molybdic  acid,  above  the  deficiency,  gives  the  proportion  of  oxy- 
gen united  to  the  molybdenum  to  constitute  molybdic  acid.  According 
to  Bucholz,  the  sulphuret  of  molybdenum  is  composed  of 

Molybdenum 60 

Sulphur 40 

100 
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These  numbers  nearly  correspond  with  the  preceding  estimate  of 
the  composition  of  this  ore  (1078)  ;  and  if  we  consider  it  as  a  bi-ial- 
phuret,  it  will  consist  of 

1  Proportional  of  molybdenum  •  .  .  •        bs        47 

t sulphur 16  X  2  =  32 

79 


Section  XXV.     Of  ike  Camhinatiam  of  Chromium. 

1492.  Two  methods  of  analyzing  Chromate  of  Lead  (1088)  ha¥e 
beep  pointed  out  by  Vauquelin  {Journal  des  Mnes^  No.  34.)  The 
first  consists  in  repeatedly  boiling  the  finely  powdered  ore  in  solution 
of  carbonate  of  potassa,  by  which  carbonate  of  lead  and  chromate  of 
potassa  are  formed ;  and  the  second,  by  digesting  it  in  muriatic  acid,  by 
which  muriate  of  lead  is  produced,  and  the  chromic  acid  obtained  dis- 
solved in  the  excess  of  muriatic  acid. 

1493.  ChromaU  of  Iron  (1087)  is  a  more  refractory  compound,  but 
it  may  be  decomposed  by  the  alternate  action  of  potassa  and  muriatic 
acid  (Journal  de$  Minet^  No.  55.)  The  ore,  in  fine  powder,  should  be 
heated  red  hot,  with  its  weight  of  caustic  potassa,  for  an  hour,  and 
the  residue  washed  with  water.  The  insoluble  portion  may  then  be 
boiled  in  muriatic  acid,  and,  when  no  longer  acted  upon,  washed,  dried, 
and  ignited  as  before  ;  by  the  alternation  of  these  processes,  it  will 
ultimately  be  resolved  into  an  alcaline  and  acid  solution ;  the  former, 
neutralized  by  nitric  acid,  lets  fall  a  portion  of  alumina  and  of  silica, 
and  holds  chron^te  of  potassa  in  solution  ;  add  to  it  nitrate  of  lead,  by 
which  chromate  of  lead  is  thrown  down,  and  may  be  decomposed  by 
muriatic  acid.  The  muriatic  solution,  evaporated  and  diluted,  lets  fall 
silica,  and  ammonia  throws  down  oxide  of  iron  and  alumina,  which  may 
be  separated  by  potassa ;  evaporate  to  dryness,  and  heat  to  separate 
muriate  of  ammonia ;  the  chromic  acid  remains. 


Section  XXVI.    €f  the  Combinationt  rf  Tungtten, 

1494.  a.  To  ascertain  the  component  parts  of  Tungttaie  of  Ldme^ 
(1093)  Klaproth  digested  100  grains  of  it  in  fine  powder  with  hot  ni- 
tric acid,  and  then  decanted  the  supernatant  liquor  from  the  yellow  re- 
sidue ;  upon  which  last,  after  edulcoration,  he  poured  liquid  anunonia, 
and  put  it  in  a  moderately  warm  place.  This  alcali  took  up  that  por- 
tion of  the  tungstic  oxide,  which  had  been  set  free  by  the  nitric  acid ; 
and  thus  caused  the  yellow  colour  to  disappear.  The  residue  was 
treated  twice  more,  by  nitric  acid  and  ammonia.  In  this  way  the  total 
decomposition  of  the  fossil  was  effected  ;  so  that  only  2  grains  of  silica 
remained. 
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Sectioh  XXVIII.     Of  the  Combtnatiom  of  NicktL 

1497.  The  separation  of  nickel  from  cobalt  has  already  been  des- 
cribed (1466)  and  the  analysis  of  meteoric  iron  has  also  been  elsewhere 
adverted  to  (1126).  It  remains  here  to  give  a  general  formula  fof 
the  analysis  of  ores  containing  nickel,  which  is  often  rendered  extreme- 
ly complex,  from  the  variety  of  substances  united  in  some  of  its  ores. 
The  following  general  directions  are  extracted  from  Messrs.  Ajkiv's 
Dictionary  (Art.  Nickel,)  and  the  process  has  been  repeated  in  the 
Laboratory  of  the  Royal  Institution  with  sufficiently  satisfactory  results, 
i.  The  ore  being  ground  to  an  impalpable  powder  must  be  digested 
with  nitric  acid  considerably  diluted  ;  nitrous  gas  will  be  ^given  out» 
and  by  two  or  three  digestions  every  thing  soluble  will  be  taken  up. 

ii.  The  insoluble  portion,  consisting  for  the  most  part  of  sulphur 
and  silex,  is  to  be  dried,  weighed,  and  then  heated  ;  the  sulphur  (a) 
will  bum  off,  and  its  amount  may  be  ascertained  by  the  difference  of 
weight  before  and  after  ignition.    The  residue  after  being  boiled  in  a 
little  nitnc  acid  is  pure  silex  (6). 

iii.  Add  together  both  Uie  nitric  solutions,  nearly  saturate  the  liquor 
with  pure  soda,  evaporate  it  considerably,  and  then  pour  the  solution 
Vito  cold  distilled  water,  by  which  the  oxide  of  bismuth  (c)  will  be  pre- 
cipitated. 

iv.  To  the  filtered  solution  add  muriate  of  soda  drop  by  drop  as 
long  as  any  precipitate  falls  down  ;  this  is  muriate  of  silver  ((2). 

v.  Now  evaporate  the  solution  nearly  to  dryness,  and  boil  it  with 
strong  nitric  acid  as  long  as  any  nitrous  gas  is  given  out :  during  the 
process  red  oxide  of  iron  {e)  will  be  precipitated. 

vi.  Having  removed  the  oxide  of  iron,  nearly  saturate  the  liquor 
with  soda,  and  pour  in  nitrate  of  lead  as  long  as  any  arseniate  of  lead 
(/)  is  precipitated,  which  separate  by  the  filter. 

vii.  The  nitrous  solution  being  now  decomposed  by  carbonated  soda, 
and  the  washed  precipitate  digested  in  liquid  ammonia,  oxide  of  iron 
{g)  mixed  with  alumine  {h)  will  be  left  behind,  which  may  be  separat- 
ed in  the  usual  way  by  potassa. 

viii.  The  ammoniacal  solution  is  to  be  slightly  supersaturated  with 
nitric  acid,  and  a  bar  of  iron  being  immersed  in  it  will  separate  the  cop- 
per (t)  ;  after  which  the  liquor  is  to  be  decomposed  by  carbonated 
soda,  and  the  precipitate  again  digested  in  ammonia,  that  the  iron  used 
for  separating  (he  copper  may  be  got  rid  of. 

ix.  The  solution,  containing  now  only  nickel  and  cobalt,  is  to  be 
treated  according  to  Mr.  R.  Phillips's  {Phil.  Mag.  xvi.  p.  312,)  method 
'(IS  follows  :  Uva{K)rate  the  liquor  till  the  excess  of  ammonia  is  driven 
off,  which  may  be  known  by  the  vapour  ceasing  to  discolour  moist  tur- 
meric paper  ;  then  largely  dilute  it,  and  pour  in  pure  potash  or  soda, 
as  long  as  any  precipitation  takes  place  ;  ^hat  fiills  down  is  oxide  of 
nickel  (Jt). 

X  The  cobalt  (/)  alone  remains  in  solution,  and  may  be  readily  se- 
pnrated,  by  accurately  saturating  the  liquor  with  nitric  acid,  and  then 
addinp;  carbonated  soda. 

Tiie  above  ircncral  mode  of  proceeding  is  also  applicable  to  the 
analysis  of  nirkd  ochrc^  except  that  it  should  first  of  all  be  digested  in 
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water,  to  dissolve  out  any  sulphate  of  nickel  which  it  may  accidentally 
contain.  • 

1498.  The  results  of  the  following  analysis  of  the  eryttaUtzed  ntf- 
phate  of  nickel,  which  was  made  with  a  view  to  Terify  the  equivalent 
number  of  the  metal,  are  giyen  aboye  (1 186). 

a.  100  grains  of  the  crystals  were  heated  in  a  porcelain  crucible,  t« 
dull  redness,  for  ten  minutes  ;  they  crumbled  into  a  pale  green  pow- 
der, perfectly  soluble  in  water,  consequently  no  acid  had  been  expell- 
ed, and  lost  46  grains  =  water  of  crystallization. 

k  The  remaining  66  grains  of  dry  salt  were  dissolved  in  two  ounces 
of  water,  to  which  nitrate  of  baryta  was  added,  as  long  as  it  occasion- 
ed a  precipitation ;  the  sulphate  of  baryta  thus  formed  being  collected, 
washed,  dried,  ignited,  and  weired,  amounted  to  83  grains  =  28.26 
sulphuric  acid. 

c.  The  filtered  solution  from  which  the  sulphuric  acid  had  beett 
thrown  drown  in  the  last  process,  was  now  mixed  with  a  little  sulphate 
of  soda,  to  separate  excess  of  baryta,  filtered,  concentrated  by  evapo- 
rating, and  rendered  alcaline  by  potassa;  the  precipitated  oxide  of 
nickel  was  then  thoroughly  edulcorated,  dried,  and  exposed  to  a  dull 
red  heat,  till  it  ceased  to  loose  weight ;  it  amounted  to  ^.S  graioi* 

The  salt,  therefore,  was  thus  decomposed  into 

Water  of  crystallization  ....  46.00 

Sulphuric  acid 28.26 

Oxide  of  nickel 26.60 


99.76 


Section  XXIX.     Of  the  Comhtnatiant  of  Mercury. 

1499.  What  is  termed  native  mercury  is  usually  an  amalgam,  con- 
taining a  variable  portion  of  silver,  and  often  a  trace  of  gold  ;  it  may 
be  analyzed  by  exposure  to  heat,  which  dissipates  the  mercury,  leav- 
ing silver  and  gold,  separable  by  the  action  of  dilute  nitric  acid. 

If  the  amalgam,  besides  gold  and  silver,  contain  bismuth,  its  quanti- 
ty may  be  judged  of  by  solution  in  nitric  acid,  concentration  by  heat, 
and  pouring  the  solution  into  a  large  quantity  of  pure  water,  by  which 
the  greater  part  of  the  bismuth  will  be  thrown  down  in  the  form  of 
white  oxide ;  but  the  analysis  of  complex  amalgams  is  much  simplified 
by  previously  expelling  the  mercury  by  heat,  taking  care  that  no  other 
metal  evaporates  with  it,  which  is  sometimes  the  case  at  high  tempe- 
ratures. 

1600.  The  analysis  of  Native  Cinnabar  (1182)  may  be  effected  in 
the  following  manner  :  • 

a.  Reduce  it  to  powder,  and  digest  it  in  a  sand  heat  witK  dilute  ni- 
tric acid ;  wash  the  insoluble  portion  with  hot  water,  and  add  the  wash- 
ings to  the  nitric  solution ;  sulphur  will  thus  be  separated,  which  may 
he  dried  and  weighed ;  it  may  possibly  contiiin  silica,  and  a  little  oxide 
of  iron  ;  if  so,  these  are  left  after  the  combustion  of  the  sulphur,  and 
may  be  separated  by  dilute  muriatic  acid. 
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b.  Add  carbonate  of  potassa  in  excefls  to  the  nitric  dolation,  collect 
and  dry  the  precipitate,  haring  previously  boiled  it  for  a  minute  or  two 
in  the  alcaline  liquor,  and  mix  it  with  a  little  charcoal :  put  the  mixture 
into  a  small  coated  retort,  and  at  a  red  heat  the  mercury  may  be  dis- 
tilled over ;  the  residue  may  be  examined  for  alumina,  lime,  oxide  of 
iron,  or  other  extraneous  matters. 

1501.  The  J^TcUive  Murio-sulphate  of  Mercury  (1156)  may  be  dis- 
solved in  acetic  acid,  by  which  a  portion  of  metallic  mercury  is  usually 
tepai'able  from  it ;  nitrate  of  baryta,  added  to  the  acetic  solution,  se- 
parates the  sulphuric  acid  in  the  state  of  sulphate  of  baryta,  which 
being  removed,  nitrate  of  silver  will  throw  down  chloride  of  silver ; 
immerse  a  plate  of  iron  into  the  remaining  solution  to  precipitate  me- 
tallic mercury,  or  throw  it  down  by  carbonate  of  potassa,  and  distil  with 
a  little  charcoal. 

1502.  The  assay  of  mercurial  ores  may  be  effected  by  mixing  the 
powdered  sample  with  half  its  weight  of  a  mixture  of  equal  parts  of 
lime  and  iron  filings,  and  submitting  it  to  distillation  in  the  open  fire,  in 
a  coated  glass  retort. 


SfiCTioir  XXX.     Of  the  Combinations  of  Silver. 

1503.  As  instances  of  the  analysis  of  complex  silver  ores,  I  have 
selected  that  of  the  bismuthic  silver,  and  of  the  white  silver  ore,  from 
Klaproth  (^Essays,  1.  556,  145.)  whose  paper  on  the  composition  of  va- 
rious silver  ores  may  be  strongly  recommended  to  the  attentive  perusal 
of  the  student. 

a.  Upon  §00  grains  of  the  Bismuthic^Silver  from  Schapbach,  in  the 
Black  Forest,  I  poured  three  ounces  of  nitric  acid,  diluted  with  one  of 
water  ;  a  great  part  of  it  dissolved,  even  in  the  cold  ;  the  residue  was 
again  digested  with  one  ounce  of  the  same  acid,  in  a  gentle  heat ;  both 
solutions  were  filtered,  mixed,  and  evaporated  to  a  smaller  volume  ; 
during  which  process  there  separated  some  crystalline  grains  of  nitrate 
of  lead. 

6.  The  concentrated  solution  had  a  greenish  colour  ;  when  diluted 
with  as  much  water  as  was  requisite  to  re-dissolve  that  crystalline  sedi- 
ment, it  was  poured  into  a  large  quantity  of  water  ;  this  immediately 
acquired  a  milky  appearance,  and  deposited  a  white  precipitate,  which 
weighed  44.5  grains,  when  collected,  lixiviated,  and  dried  in  the  air, 
and  proved  on  further  examination  to  be  oxide  of  bismuth. 

c.  Into  the  liquor  that  had  beeu  freed  from  this  oxide,  and  was  clear 
and  colourless,  1  dropped  muriatic  acid,  as  long  as  it  was  rendered  tur- 
bid Uy  it :  the  precipitate  did  not  appear  to  be  mere  muriate  of  silver, 
for  this  reason  1  digested  it  with  nitric  acid  ;  a  considerable  portion 
was  ihiis  re-dissolved,  and  left  pure  horn-silver  behind  ;  which,  upon 
caremi  collection,  and  desiccation  in  a  brisk  heat,  weighed  46  grains  : 
tbu.s,  t'iic  portion  of  pure  silver  is  determined  at  34.5  grains. 

d.  The  nitric  acid,  tliat  had  been  affused  upon  the  precipitate  obtain- 
ed by  the  muriatic  c,  yielded  by  dilution  with  much  water  32  grains 
more  of  oxidod  bismuth  ;  which,  with  the  preceding  44.5  b,  gave  to- 
gether 7G.5  grains. 
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e.  The  remainder  of  the  fluid  was  farther  reduced  by  eraporation, 
and  in  this  process  muriate  of  lead  separated  from  it  in  crystals  ;  this 
liquor  was  then  combined  with  such  a  quantity  of  sulphuric  acid  as  was 
requisite  to  re-dissolve  those  crystals,  and  a  second  time  evaporated ; 
the  precipitate  which  thence  ensued  was  sulphate  of  lead,  weighing  19 
grains,  when  duly  collected,  washed,  and  dried. 

/.  What  still  remained  of  the  solution,  after  its  having  been  freed 
from  the  lead  before  contained  in  it,  was  satuntted  with  caustic  ammo- 
nia added  in  excess  :  in  this  way  a  brown  ferruginous  precipitate  wan 
produced  which  was  rapidly  attracted  by  the  ma^ict,  and  weighed  14 
grains,  when  after  previous  desiccation,  it  had  been  moistened  with 
linseed  oil,  and  well  ignited  :  for  these  we  must  reckon  10  grains  of 
metallic  iron. 

g.  The  liquor  which  had  been  supersaturated  with  ammonia,  and 
wmch  by  its  blue  colour  showed  that  it  held  copper  in  solution,  was 
next  saturated  to  excess  with  sulphuric  acid ;  on  immersing  then  a 
*    piece  of  poUshed  iron  into  it,  two  grains  of  copper  were  deposited. 

h.  The  grey  residue  of  the  ore,  that  was  left  behind  by  the  nitric 
acid  a  weighed  178  grains  ;  but  when  its  sulphureous  part  had  been 
deflagrated  in  a  crucible  gently  heated,  it  weighed  only  140.5  grains  ; 
this  determines  the  portion  of  sulphur  at  37.5  grains. 

t.  These  140.5  grains  were  digested  with  3  ounces  of  muriatic  acid 
in  a  heat  of  ebullition,  and  this  process  was  repeated  once  more  with 
1.5  ounces  of  the  same  acid  ;  these  solutions,  by  means  of  evapora- 
tion, yielded  muriate  of  lead  in  tender  spicular,  and  likewise  in  broad 
striated,  crystals ;  which,  when  again  dissolved  in  the  requisite  quan- 
tity of  boiling  water,  then  combined  with  sulphuric  acid,  and  evapo- 
rated, yielded  89  grains  of  sulphated  lead ;  thus  the  whole  quantity  of 
this  sulphate,  including  the  19  grains  mentioned  at  e,  anynnted  to  108 
grains  ;  for  which,  according  to  comparative  experiments,  76  grains  of 
reguline  lead  must  be  put  in  the  computation. 

k.  That  portion  of  the  ore  examined,  which  still  remained  after  all 
the  constituent  parts  before-mentioned  have  been  discovered,  consist- 
ed merely  of  the  grey  quartzose  matrix,  the  weight  of  which,  in  the 
ignited  state  amounted  to  70  grains. 

Therefore  those  300  grains  of  bismuthic  silver  ore  mentioned  above 
were  decomposed  into 

Lead,  t 76. 

Bismuth  c2 62.20 

Silver,  c 34.50 

Iron,/ 10. 

Copper  g 2. 

Sulphur,  h 37.50 

Q^uartzose  matrix,  k 70. 


292.20 


It  follows,  from  this  statement,  that,  exclusively  of  the  quartzose 
gangue,  the  constituent  parts  of  the  bismuthic  silver  are  in  tlie  lOO., 


warn  suvn  mk. 

Lead 33. 

Biwnulh ■  .  .  .  S7. 

Silver Ifi. 

Iron 4.30 

Copper 0.90 

Sulphur IG.30 

96.ao 

1604.  Klaproth  treated  the  aftifc  tiher  ore  from  Freyberg,  nearl? 
^'follows : 

.  The  ore  was  brittle,  and  easily  levigated  into  a  blackish  powder. 
I  (.  UpoD  400  graimi  in  powder  he  poured  4  ounces  of  nitric  acid, 
ud  2  of  water  ;  after  gufBcient  digeetioD  in  a  gentle  heat,  the  solution 
was  decanted,  and  the  residue  again  treated  with  2  ounces  oPthe  acid  ; 
this  mixture  was  next  diluted  with  eight  parts  of  water,  and  digested 
for  some  time  ;  he  then  separated  the  undissolved  residue,  ron»>isling 
of  a  greyish-white  powder,  which,  after  washing  and  drying,  weighed 
326  grains. 

c.  The  solution,  which  was  nearly  colourless,  was  combined  with 
common  salt,  by  which  muriated  silver  was  produced  ;  and  the  next 
day  crystals  of  muriate  of  lead  were  found;  oa  this,  therefore,  he 
boiled  the  whole  precipitate  id  a  large  quantity  of  water,  by  means  of 
which  the  muriated  lead  was  re-dissolved,  and  separated  from  the  mu- 
riate of  silver,  collected  on  the  filter :  this  last,  when  reduced  by  fu- 
sion with  soda,  yielded  81.5  grains  of  reguline  silver. 

d.  What  remained  of  the  solution,  together  with  the  liquor  obtained 
by  the  decoction  of  the  horn  silver,  he  evaporated  in  pnrt ;  and  by 
adding  a  saturated  solution  of  sulphate  of  soda,  obtained  from  it  45 
grains  of  sulphate  of  lend,  which,  upon  reduction,  afforded  32  grains 
of  lead  in  the  metallic  slate. 

e.  The  remaining  part  of  the  solution  was  saturated  with  pure  am- 
monia, upon  which  a  light-brown  precipitate  fell,  weighing  40  grains, 
when  edulcorated  and  ignited  in  a  low  heat ;  as  that  precipitate  had 
the  appearance  of  a  mixture  of  iron  and  alumina,  he  dissolved  it  again 
in  nitric  acid,  and  precipitated  first  the  iron  by  prussiate  of  potassa, 
and  aflerwards,  by  the  addition  of  soda,  a  loose  earth,  which,  whea 
desiccated  and  ignited,  weighed  28  grains,  and  upon  trial  with  sulphu- 
ric acid,  was  found  to  be  aluminous  earth ;  this  being  subtracted  from 
the  above  40  groins,  leaves  IS  for  the  oxide  of  iron,  which  may  be  es- 
timated at  9  grains  of  metallic  iron. 

f.  Aher  this  the  residue  that  remained  from  the  solution  of  the  ore, 
dissolved  in  nitric  acid  b,  was  subjected  to  a  closer  examination  :  Kla- 
proth attempted  to  decompose  it  by  muriatic  acid,  repeatedly  poured 
upon  it,  and  in  every  instance  digested  over  it  in  a  heat  of  ebullition. 
The  process  was  rendered  somewhat  difficult  by  the  cmtals,  which 
were  deposited  from  the  solution  as  soon  as  the  heat  tell  below  the 
boiling  point ;  similar  crystals  likewise  shot  on  the  paper,  through 
which  the  solution,  though  yet  boiling,  was  tittered,  and  he  gradually 
re-dissolved  them  in  warm  muriatic  acid;  at  last  there  remained  61 
grains  of  sulphur,  leaving,  after  deflagratioD  upon  a  test,  two  grains  of 
|.agrey  residue,  one  of  which  dissolved  in  muriatic  acid,  and  was  added 
"  I  the  preceding  solution  ;  the  other  grain  was  siliceous  earth.  The 
rne  quantity  of  the  sulphur,  therefore,  amounted  to  49  grains. 
30 
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COMBIItATtOirB  or  FLlTinVH. 


Section  XXXI.     Of  the  Combinations  of  Gold. 

^150S.  !d  the  Sertion  on  the  combinations  of  Tellurium,  I  have 
l^^oted  Klaproth's  analyses  of  some  of  its  ores  c ontnin lag  gold  ;  the 
only  proper  ore  of  ihia  metal  is  native  gold,  (1276)  vrhich  is  occasion- 
ally round  in  veins,  but  of  which  by  far  the  greatest  proportion  occurs 
dispersed  in  a  graniitnr  ti^rm  throitgh  certain  alluvial  strata  In  this 
stal6,  silver  and  copper  are  the  principil  metals  with  which  it  is  combin- 
ed, and  the  analysis  is  sufficiently  simple  ;  the  ore  may  be  digested  in 
nitro -muriatic  acid  ;  the  solution  evaporated  nearly  to  dryness,  and 
again  diluted,  leaves  the  silver  in  the  stale  of  chloride  ;  astrongsolu- 
tion  of  prolo-snlphate  of  iron  may  then  be  used  to  thron  down  the 
gold  (1276),  and  the  copper  may  be  separated  by  immersing  a  plate  of 
iron  into  the  last  lilterpd  liquor. 

If  the  proportion  of  silver  and  copper  alloyed  with  the  gold  be  con- 
liderabte,  the  analysis  may  be  simpU6cd  by  using  nitric  acid  in  the  first 
instance,  which  extracts  the  silver  and  copper,  leaving  the  gold  untouch- 
ed :  muriatic  acid  may  then  be  poured  in,  to  throw  down  the  silver, 
and  the  copper  separated  by  iron,  as  before ;  or  by  precipitation  bj 
potassa,  end  ignition,  which  gives  it  in  the  state  of  peroxide. 


# 


Section  XXXll.     Of  the  Combinattont  of  Platin 


1506  We  are  indebted  to  Dr.  WoUastoo  and  to  Mr  Tennant  (PAiV. 
Tram.  1803  )  for  our  knowledge  of  the  component  parts  of  the  ore  of 
platinum,  as  imported  from  South  America.  In  this  <itate  it  generully 
contains  the  followiug  metals,  exclusive  of  small  particles  of  silica,  and 
a  variable  portion  of  mercnry,  ciz.  :  platinum,  gold,  palladium,  rho- 
dium, iridium,  osmium,  iron,  copper,  and  lead  ;  and  the  followmg  is 
the  process  for  their  separation  : 

The  mercury  may  be  driven  off  by  heat,  a  process  which  renders 
the  platinum  yellower  in  consequence  of  the  .tppearance  of  the  grains 
of  gold  ;  it  may  then  be  digested  in  nitro -muriatic  acid  diluted  with  its 
bulk  of  water,  which  takes  up  gold,  iron,  and  a  little  platinum  ;  if  the 
remaining  ore  be  now  digested  in  nitro -muriatic  acid  by  far  the  largest 
portion  will  be  dissolve,  and  there  will  remnin  a  black  powder  :  to  the 
nitro -muriatic  liquor  add  a  solution  of  muriate  of  ammonia,  which  will 
occasion  the  separation  of  the  greater  part  of  the  platinum  in  the  state 
of  3  very  difficultly  soluble  ammooio-muriate,  and  which  may  be  sepa- 
rated upon  a  tiltcr ;  in  the  filtrated  liquor  immerse  a  plate  of  zinc, 
which  will  Ihrow  down  lead,  rhodium,  palladium,  and  a  portion  of  pla- 
tinum ;  the  lead  may  he  separated  by  very  dilute  nitric  acid  ;  dissolve 
the  residue  in  nitro-muriatic  acid,  add  common  salt,  and  evaporate  to 
dryness  ;  this  residue,  composed  of  the  ioda-w.ari(itet  of  j'latinum, pal- 
ladium, and  rhodium,  is  to  be  digested  in  alcohol,  which  dissolves  the 
triple  salts  of  platinum  and  palladium,  but  not  that  of  rhodium  (1213), 
which  therefore  is  thus  separated  ;  to  the  alcoholic  svlutioHaddvnU- 
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tioii  of  mariate  of  ammoiiia,  which  throws  down  the  platinum^  and 
letTvi  flie  pdhdium  in  solution,  which  may  be  precipitated  by  ferroq{R^ 
«M*e  of  potassa  (1216). 

Tbe  insoluble  black  powder,  by  alternate  fosions  with  potaasa,  and 
boiling  in  muriatic  acid  is  resoWed  into  otnwiioi  (1206)  soluble  in  tka 
akali,  and  iridium  (1209)  in  the  acid. 


Section  XXXIIL    Of  SiUceoui  and  Aluminmu  ComUnaiumi. 


1607.  The  read^  solulnlity  of  silica  by  fusion  with  the  fixed  alcalis, 
and  its  insolubility  in  the  greater  number  of  the  acids,  render  its  sepa- 
ration in  most  cases  of  analysis  extremely  easy.  Muriatic  acid,  under 
certain  circumstances,  is  capable  of  retmning  a  considenMe  quantity 
of  silica,  md  the  solution,  when  evaporated,  assumes  a  gelatinous  ap- 
pearance ;  if  ammonia  be  then  added,  and  the  whole  evaporated  and 
heated  red-hot,  the  sihca  is  obtained  pure,  and  not  ajgain  soluUe  in  the 


.  1608.  Alumina,  like  silica,  is  soluble  in  potassa,  and  the  addition  of 
acids  to  the  mixed  alcaline  solution  throws  down  a  compound  igrhich  is 
not  entirely  decomposed  by  the  action  of  those  acids,  which,  under 
ordinary  circumstances,  readily  dissolve  alumina  without  acting  upon 
silica ;  a  circumstance  of  which  it  is  necessary  to  be  aware,  in  certain 
cases  of  analysis. 

1609.  If  silica  is  predominant  in  a  stone,  it  is  in  generd  rendered 
easily  soluble  by  heating  it  in  fine  powder  with  potassa  ;  but  tiiere  are 
some  of  the  hard  aluminous  compounds  which  ^re  very  difficultly  act- 
ed on  in  this  way ;  Mr.  Chenevix  found  minerals  of  this  class  were 
most  readily  attacked  by  borax.  One  part  of  the  mineral  in  fine  pow- 
der, mixed  with  about  three  parts  of  glass  of  borax  is  to  be  strongly 
heated  in  a  platinum  crucible ;  the  contents,  when  cold,  are  perfectly 
soluble  by  long  digestion  in  muriatic  acid  ;  the  addition  of  carbonate 
of  ammonia  throws  down  the  dissolved  earths,  which  may  be  collect- 
ed, re-dbsolved  and  examined  as  usuaL  Sir  H.  Davy  has,  in  similar 
cases,  recommended  the  use  of  boracic  acid.—- FAt/.  TVont.  1806. 

1610.  There  are  a  few  minerals  which  contain  fluorine,  or  fiuoric 
acid,  (646^  the  presence  of  which  is  ascertained  by  beating  the  sub- 
stance in  fine  powder  with  sulphuric  acid,  either  before  or  titer  its  fu- 
sion with  potassa,  when  vapours  which  act  upon  and  corrode  glass  will 
be  liberated.  To  ascertain  the  proportion  of  fluoric  acid  in  a  mineral, 
it  may  be  fused  with  potassa^  and  treated  by  muriatic  acid,  to  separate 
silica ;  to  the  remaining  liquid  add  excess  of  carbonate  of  potassa,  and 
filter,  neutralize  the  filtrated  liquor  with  muriatic  acid,  and  add 
nrariate  of  lime,  which  will  occasion  a  precipilaste  of  fluate  of  lime, 
the  purity  of  which  is  to  be  ascertained,  and  the  quantity  of  fluorine 
and  fluoric  acid  inferred  from  it 

1611.  Boracic  acid,  originally  found  in  the  Boraeite  (696)  by  West- 
mmb^  has  also  been  discovered  by  Klaproth  in  Datolite  (xxiv.  p.  319.) 
and  in  BotrfoUie^  and  more  lately  by  Arfwedson  and  Berzelius  in  the 
green  Tourmalin  and  AuMi^c.  The  following  is  a  sketch  of  M.  Arf- 
wedson's  analysis. 


A  portion  of  llie  greea  tourmaline  in  fine  powder,  was  stronglj 
beated  for  an  hour,  with  four  times  its  weight  of  carbonate  of  bar^u  ; 
the  masfl  was  diisolred  in  muriatic  acid,  and  the  solution  evaporated 
lo  dryness  ;  water,  acidulatcil  with  muriatic  acid,  then  dieaolvcd  ever; 
Ifaing  but  the  siUca. 

The  baryta  was  separated  from  the  solution  by  sulphuric  acid,  and 
the  other  earths,  with  the  oxides  of  iron  and  manganese,  by  an  excess 
of  carbonate  of  ammonia ;  the  solution  beiu);  separated  from  the  pre- 
cipitate, and  evaporated  to  dryness,  a  sulphate  was  obtained,  which, 
when  a^n  treated  with  ammonia  as  before,  dried,  and  beated  red,  re- 
dissolved  in  water  without  leaving  any  residuum ;  this  solution  was 
freed  from  its  sulphuric  acid,  by  acetute  of  baryta,  and  the  filtered 
Uquid  evaporated  ;  s  guouny  mass  was  obtained,  which,  by  calcination 
in  a  platinum  crucible,  was  decomposed,  and  afforded  a  fused  alcaline 
mass,  which  proved  to  be  lithia.  "  I  began  to  consider  my  work 
almost  finished,  ^adds  Mr.  Arfwedson)  when,  on  drying  and  heating  u 
portion  of  the  alcaline  solution,  1  observed,  at  the  moment  the  mass 
began  to  fuse,  that  it  swelled  up  (ike  borax,  and  left  a  glass,  oiler  cal- 
cination, of  the  same  appearance  as  vitrified  borax  ;  it  was  very  proba- 
ble, therefore,  that  (he  mineral  contained  boracic  acid,  and  i  ascertained 
U  by  heating  the  fused  moss  with  muriatic  acid,  which  gave  me,  by  eva- 
poration, a  salt,  partly  soluble  in  alcohol,  lo  which  it  imparted  the 
properly  of  burning  with  the  greenish  dame  so  characteristic  of  boracic 
acid." 

To  obtain  the  quantity  of  this  acid,  a  portion  of  the  mineral  was 
fused  with  bi-aulpbate  of  potassa  ;  the  mass  boiled  with  alcohol,  and 
the  filtered  liquid  evaporated  to  dryness ;  a  siibatance  remained  equal 
to  1.1  per  cent,  of  the  weight  af  the  tourmaliDe,  and  having  all  the 
properties  of  boracio  acid. — JInnatet  de  Chimie,  Vol.  x.,  p.  98, 

1512.  To  the  above  observations,  1  shall  add,  as  specimens  of  prac- 
tical analysis,  two  instances  from  Klafkotu's  Eiiayi.  vtV.,  his  analysh 
•f  the  SfrintU  and  of  Kryolilt : 

a.  100  grains  of  rough  spinell  from  Ceylon,  in  picked  crystals,  pre- 
bviously  pounded  to  a  coarse  powder  in  a  steel  mortar,  were  triturated 
Mlith  water  to  an  impalpable  powder  in  a  grinding-dish  made  of  flint ; 
I    after  the  powder  of  the  stone,  which  was  again  dried,  had  been  gently 

ignited,  it  showed  an  increase  of  weight  of  nine  grains,  arising  front 
the  particles  abraded  from  the  subatance  of  the  grinding-vessel. 

b.  1  then  digested  the  powder  witli  two  ounces  of  muriatic  acid ; 
when  the  acid  was  evaporated  nearly  lo  dryness,  I  diluted  the  mass 
with  witer,  threw  it  upon  the  lillcr,  aod  saturated  the  yellow  muriatic 
solution  with  caustic  ammonia ;  a  brown  flocculent  oxide  of  iron  felt 
<lown,  which,  collected  and  ignited,  weighed  1.25  grams. 

e.  The  liquor  separated  from  that  precipitate  was  concentrated  by 
evaporation,  perfectly  neutralized  with  muriatic  acid,  and  lastly  com- 
bined with  dissolved  oxalate  of  potassa  ;  in  consequence  of  this,  oxa- 
late of  lime  precipitated,  which,  when  carefully  collected,  and  beated 
t    to  redness  in  the  cavity  of  a  compact  piece  of  charcoal,  with  tlie  as- 
kiatance  of  the  blow-pipe,  afforded  .1!)  of  a  grain  of  lime. 
m.    d.  Upon  the  powder  of  the  stone,  extracted  by  the  muriatic  acid, 
I'  was  poured  ten  limes  its  quantity  of  alcahne  ley,  one  half  of  which 
consisted  of  caustic  polassa,  which  mixture  being  first  evaporated  to 
dryaesi  in  a  silver  vessel,  wa«  aDcrwards  ignited  during  the  space  of 
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an  hour ;  when  the  nuM  had  been'again  softened  with  hot  wateVt  itlaft 
on  the  filtering  paper  54  grains  of  a  yellow  residne  when  diiad|pi.t|& 
air.  ,  .  ^* 

c.  These  54  grains  were  a  second  time  mixed,  and  inspissatadwfth 
a  tenfold  quantity  of  the  same  caustic  lixiTium,  and  afterwards  ignited  ; 
upon  which  the  mass,  softened  again  with  water,  deposited  a  reudae  of 
a  fine  pnlTerulent  form,  weighing  43  grains  when  dried  in  the  air. 

/•  I  then  neutralized  the  yellow  alcaline  solution  {d  and  e)  by  means 
of  sulphuric  acid,  and  by  aiffusing  more  acid,  made  a  clear  solution  of 
the  precipitate,  which  then  formed  ;  carbonate  of  potaasa  added  in  a 
boiling  state  threw  down  from  it  a  precipitate  of  a  yery  great  bulk, 
which  after  edulcoration  was  again  dissolved  in  sulphuric  acid ;  this 
aolution  exhibited  a  slimy  toughness,  but  it  became  penectlv  fluid,  when 
exposed  to  a  raised  temperature,  and  deposited  a  sul>tle  white  powder, 
winch,  after  washing  and  desiccation  in  the  air,  weighed  95  jprams :  the 
aulphuric  acid  fluid,  when  separated  from  it,  was  set  aside  mr  a  time* 

g.  The  aboTe-mentioned  95  grains  were  then  gently  ignited  with 
thrice  their  quantity  of  caustic  potassa ;  when  again  liquified  with 
water,  and  filtered,  there  remained  only  a  rii^t  residue,  which  after 
washing,  dissolved  in  sulphuric  acid,  with  the  exception  of  a  tern  re- 
maining particles. 

.  A.  The  portion  taken  up  by  the  potassa  in  the  alcaline  solution  j^was 
precipitated  by  means  of  sulphuric  acid  ;  but  it  dLwoWed  again  in  the 
acid,  when  added  to  excess,  and  was  afterwards  precipitated  by  boiling 
with  carbonated  alcali :  this  precipitate,  preriously  washed,  was  once 
more  dissolved  in  sulphuric  acid. 

f .  The  whole  of  the  sulphuric  solutions,  obtained  at/g  h^  was  eva- 
porated to  a  smaller  compass ;  the  gelatinous  consistence  into  which  it 
congealed  showed  that  a  separation  of  siliceous  earth  had  taken  place : 
it  was  therefore  largely  diluted  with  water,  digested,  and  the  silex  col- 
lected upon  the  filter. 

k.  This  done,  the  sulphuric  solution  was  put  in  a  state  to  crystallize, 
by  dropping  into  it  a  solution  of  acetate  of  potassa,  and  evaporating  it 
slowly ;  it  yielded  at  first  regular  and  pure  crystals  of  alum ;  but  as  the 
solution  assumed  a  green  colour  towards  the  end,  I  combined  it  with 
Prussian  alcali ;  a  trifling  precipitation  ensued,  of  which  the  oxide  of 
iron  could  not  be  estimated  more  than  at  one-fourth  of  a  grain ;  the 
solution  being  now  freed  of  its  ferruginous  ingredient,  was  next  decom- 
posed in  a  boiling  heat  by  carbonated  potassa,  and  the  precipitate,  when 
dissolved  anew  in  sulphuric  acid,  was  brought  to  a  final  crystallization, 
after  which  the  alum  then  obtained  was  added  to  the  foregoing. 

/.  I  now  proceeded  to  the  analysis  of  the  43  grains,  that  were  left 
undissolved  by  the  caustic  alcahne  ley  e.  These  readily  dissolved  in 
dilute  sulphuric  acid,  leaving  some  siliceous  earth  behind  ;  the  solution, 
separated  from  this  last,  was  then  combined  with  a  small  portion  of 
^  neetated  potassa,  and  exposed  to  spontaneous  crystallization  by  exhala- 
f^  tion  in  the  open  air.  At  first  there  yet  appeared  some  solitary  crystals 
of  alum ;  but  afterwards  it  entirely  shot  into  sulphate  of  magnesia 
(Epsom  salt). 

m.  To  separate  the  sulphated  magnesia,  thus  obtained,  from  the  ad- 
mixed alum,  it  was  strongly  ignited  in  a  porcelain  vessel  during  half  an 
hour,  and  the  saline  mass  afterwards  softened  in  water,  and  filtered ; 
the  aluminous  earth,  separated  by  this  management,  was  afterwards 
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■solved  in  sulphuric  acid,  and  in  tbe  proper  manner  crjitaUized  inta 
tncrele  alum. 

n.  The  pare  solution  of  the  suiphaled  magnesia  was  precipitated  in 
a  boiliog  heat  by  means  of  vegetable  alcali.  The  magnesian  earth, 
thus  obtained  in  a  carbonated  state,  weighed  SO  5  grains  when  washed 
aud  dried  ;  but  after  strong  ignition  it  weighed  otdy  8.25  gniins. 

0.  All  tbe  washings  (of  which  that  at/,  on  precipltatiog  the  sulphu- 
ric solution  by  carbooate  of  potaasa,  retained  the  yellow  colour  of  the 
first  solution)  were  together  eraporoted  to  a  dry  saline  mass  ;  when 
they  had  been  re-dissotved  in  water,  there  still  separated  a  Utile  earth, 
which,  along  with  the  precipitate  remaining  at  g,  was  ignited  with  caus- 
tic potassa,  and  then  by  sulphuric  acid  resolved  into  aluminous  and  si- 
liceous earths. 

p.  The  whole  quantity  of  alum,  obtained  alk  I  vi  and  o,  amounted  lo 
665  gniins.  It  was  now  dissolved  in  water,  and  in  a  heat  of  ebullition 
decomposed  by  carbonate  of  potassa.  The  aluminous  earth  thus  ob- 
tained, when  edulcorated  with  water,  and  dried  in  a  moderate  warmth, 
weighed  22\  grains  ;  but  afler  being  puritied  by  digestion  with  distill- 
ed vinegar,  and  subsequent  saturation  with  ammonia,  and  being  agaia 
edulcorated,  and  at  last  subjected  for  half  an  hour  to  an  intense  red 
heat,  it  weighed  no  more  than  74.5  grains. 

>  f.  1  then  ignited,  for  half  an  hour,  the  whole  of  the  siliceous  earth 

tollected  from  i  I  o:  its  weight  was  S4.5  grains.     Hence,  subtracting 

fke  9  gr^ns  which  had  been  abraded  from  the  flint-mortar  a,  there  re- 

15.5  grains  belonging  to  the  spinell. 

From  this  analysis  it  follows,  that  the  constituent  parts  oftbaipinell 

|ta  the  100  are 

Alumine,  ;i 74.60 

Silex  9     16.50 

Magnesia,  » 8.20 

Oxideofiron|J  ;  "    J-j^j      1.50 
Lime,  c 0.75 

100.50 

The  reason  why,  in  this  instance,  there  appears  in  the  sum  of  the 
weights  an  excess  of  half  a  grain,  rather  than  a  loss,  unavoidable  in 
the  usual  coune  of  such  processes,  is  probably,  that  the  ignition  was 
not  powerful  enough  lo  effect  in  those  ingredients  that  high  degree  of 
dryness,  which  that  stone  possesses  in  its  natural  undecomposed  state. 

1513.  Anaiysitof  the  Kryoliu  ;  after  some  preliminary  experiments, 
which  taught  him  the  existence  of  fluoric  acid,  soda,  and  alumina  in 
this  mineral.  Klaproth  proceeded  as  follows  : 

i.  lOOgr.iins  of  triturated  kryolite,taeipelentire1y  the  fluoric  acid, 
were  inspissated  to  dryness  in  a  platinum  crucible,  with  300  grains  of 
concentrated  sulphuric  acid.  The  residual  mass,  preyiouslydrenched 
with  water,  congealed  on  evaporation  lo  a  soft,  granular  saUne  mass, 
which  readily  liquified  in  a  litUe  water. 

ii.  Caustic  ammonia  precipitated  from  the  clear  solution  the  alumin- 
ous earth  weighing  4ii  grains,  when  edulcorated  and  dried,  but  34 
grains  when  ignited.  Tbe  solution  of  this  earth,  in  dilute  sulphuric 
«cid,  with  the  aBsistance  of  heat,  and  combined  with  a  just  proportitm 
•T  potassH)  shot  into  regular  crystals  of  aluiD. 
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iii.  The  fluid,  from  which  the  alumina  had  been  precipitated,  was 
neutralized  with  acetic  acid,  then  combined  with  acetated  baryta,  and 
filtered,  to  separate  the  barytic  sulphate,  The  clear  fluid  was  now 
wholly  evaporated,  its  dry  residuum  i^ited  in  a  platinum  crucible,  re- 
dissolved,  and,  after  being  rendered  free  by  flltration,  from  the  few 
adhering  coaly  particles,  a  second  time  evaporated  to  perfect  dryness. 
It  thus  horded  62\  grains  of  dry  carbonate  of  soda,  equal  to  .i6  grains 
of  pure  soda.  This,  saturated  with  acetic  acid,  crystallized  all  to  ace- 
tate of  soda. 

If  now,  from  the  quantity  of  the  fossil  employed,  be  subtracted  the 
weight  of  alumina  and  soda  obtained,  the  remainder  will  give  the 
weight  of  the  fluoric  acid,  including  perhaps  the  vrater  of  crystalliza- 
tion.    100  parts  of  kryolite,  therefore,  consist  of 

Soda 36 

Alumina    .  .  .  . ' 24 

Fluoric  acid,  including  the  water  40 

100 


Section  XXXIV.     Of  the  Ckmibinations  of  Zireonium. 

1514.  Klaproth^s  description  of  the  discovery  of  zirconia,  and  of 
the  method  of  separating  it  from  the  Jargon  and  Hyacinth  of  Ceylon, 
contain  a  very  instructive  lesson  in  analytical  chemistry ;  in  those  mi- 
nerals the  zirconia  is  combined  with  silica,  and  with  a  trace  of  oxide  of 
iron,  the  following  mode  of  obtaining  pure  zirconia,  suggested  by 
M.  M.  Dubois  and  Silveira  (^Annates  de  Chimie  et  Phys.  ziv.)  furnishes, 
at  the  same  time,  a  process  for  the  analysis  of  the  mineral,  upon  the 
whole  less  exceptionable  than  that  of  preceding  chemists. 

Reduce  the  zircons  to  fine  powder,  and  heat  them  in  a  red  heat  for 
an  hour,  with  two  parts  of  pure  potassa ;  pour  distilled  water  on  the 
fused  mass,  and  wash  the  insoluble  portion  upon  a  filter ;  dissolve  it  in 
muriatic  acid,  and  evaporate  to  dryness  ;  pour  water  on  the  residue, 
which  leaves  silica,  and  dbsolves  muriate  of  zirconia  and  iron  ;  filter, 
and  add  ammonia,  which  throws  down  zirconia  and  oxide  of  iron : 
wash  the  precipitate  and  boil  it,  while  moist,  in  a  solution  of  oxalic 
acid,  which  retains  the  iron,  and  forms  an  insoluble  oxalate  of  zirconia  ; 
collect  and  edulcorate  the  latter,  and  heat  it  to  redness  in  a  platinum 
crucible  :  in  this  state  the  zirconia,  though  pure,  is  insoluble  in  acids  ; 
fuse  it,  therefore,  with  potassa,  wash  away  the  alcali,  dissolve  in  muria- 
tic acid,  and  precipitate  by  ammonia  ;  the  hydrate  of  zirconia  now 
thrown  down,  when  washed  and  dried,  is  pure  and  soluble. 


Section  XXXV.     Cf  the  Combinations  of  Glucinum, 

1515.  The  composition  of  the  beryl,  and  of  the  emerald,  and  the 
mode  of  obtaining  from  them  pure  glucina  have  been  given  above 
(1359);  in  this  section  therefore  I  shall  merely  give  Klaproth's  ex- 
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amination  of  the  emerald,  as  showing  the  mode  of  separating  glucin'a 
in  analyj^es. — Essays,  ii.  177. 

a.  100  grains  of  light-green  emerald  were  levigated  in  a  flint  mor- 
tar, by  which  their  weight  increased  2^  grains.  The  powder  of  the 
stone  was  mixed  with  a  solution  of  250  grains  of  caustic  soda,  and  in- 
spissated in  a  silver  crucible  ;  upon  which  the  dry  mass  was  moderately 
ignited«during  30  minutes. 

6.  When  this  mass  had  cooled,  it  appeared  white,  and  not  easily 
softened  in  water.  It  was  saturated  to  excess  with  muriatic  acid,  which 
effected  a  solution.  This  being  evaporated,  and  afresh  diffused  in 
water,  was  thrown  upon  the  filter,  in  order  to  collect  the  siliceous 
earth,  which,  washed,  dried,  and  ignited,  weighed  GS  grains,  after  de- 
ducting the  2}  grains  it  received  from  the  mortar. 

r.  1  he  muriatic  solution  was  supersaturated  with  soda  and  boiled. 
The  precipitate  was  soon  again  taken  up  by  the  fluid,  excepting  some 
loose  ash-grey  flocks,  which,  upon  drying  and  ignition,  weighed  2}- 
grains.  As  the  filtering  paper,  upon  which  tiiis  residue  has  been  col- 
lected, was  coloured  brownish,  it  was  extracted  with  a  little  weak  mu- 
riatic acid,  and  the  solution  treated  with  prussian  alcali,  which  pro- 
duced a  blue  precipitate  of  iron. 

d.  Upon  those  2^  grsiins  of  the  brownish  residuum  nitric  acid  was 
poured  and  again  driven  ofi*  by  heat,  afler  which  potassa  was  affuscd. 
This  took  up  but  a  little,  and  the  residuum,  again  washed  and  ignited, 
lost  only  j\  of  a  grain.  The  alcali ne  fluid  was  neutralized  with  nitric 
acid,  and  one-h.ilf  of  it  combined  with  acetated  lead,  the  other  half 
ivitli  nitrate  of  silver.  By  the  lead  a  lemon-yellow,  and  by  the  silver 
a  brown-red  precipitate  was  obtained.  Thus  the  portion  of  chrome 
in  oniorald  was  separated  and  obtained  singly. 

r.  The  brown  residue  of  d  was  dissolved  in  muriatic  acid,  but  the 
solution,  acted  on  by  a  low  heat,  soon  coagulated  into  a  jelly-like  sub- 
stance, owing  to  the  siliceous  earth  which  separated,  and  upon  ignilion 
wcij^liod  J  gr.  The  fluid,  freed  from  this,  was  then  treated  with  a  so- 
lution of  succinate  of  soda.  The  precipitate,  obtained  by  this  means, 
when  edulcorated  and  dried,  gave  1  grain  of  oxide  of  iron. 

/.  As  to  the  alcaline  solution  c,  I  mixed  it  with  the  remaining  fluid  of 
r,  supersaturated  the  mixture  with  muriatic  acid,  and  precipitated  it  in 
:in  ebullient  heat  with  carbonated  soda.  The  precipitate  here  obtain- 
ed 1  dissolved  in  sulphuric  acid,  and  after  having  combined  it  with 
:icc^tate  of  potassa,  forwarded  it  to  crystallization.  The  flrst  shootings 
yielded  alum,  in  pure  crystals  ;  but  on  subsequent  evaporation  sulphate 
of  lime  appeared,  which,  in  the  ignited  state,  weighed  jf  of  a  grain, 
rquivulent  to  {  of  pure  lime.  What  still  remained  of  the  fluid  had 
now  a  thick  oily  consistence  ;  diluted  with  a  little  water,  and  exposed 
1o  spontaneous  crystallization,  it  aflbrded  crystals,  but  they  had  not  the 
I'orni  of  alum. 

}^.  Tliis  saline  mass,  together  with  the  alum  already  obtained,  was 
dissolved  in  water,  and  a  large  quantity  of  carbonate  of  ammonia  af- 
fused,  upon  which  1  stoppered  the  vessel.  After  it  had  stood  24  hours, 
I  separated  the  remaining  eartii  by  means  of  the  filter,  dissolved  this 
la>t  auain  in  sulphuric  acid,  and,  lastly,  extracted  it  by  adding  a  great 
over-proportion  of  carbonated  ammonia.  When  the  earth  had  again 
been  separated,  it  was  a  second  time  subjected  to  the  same  treatment; 
after  wiiirh  nothing  more  was  taken  up  by  the  ammonia. 

'^  II 
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A.  The  aluminous  earth  was  now  heated  to  redness  ;  it  then  amount- 
ed to  Ibjl  grains. 

I.  From  tiic  ammoniacal  fluid,  which  had  been  collected  from  those 
reiteralifd  extractions,  the  superabundant  alcali  was  distilled  off,  until 
the  qu.tatity  of  the  white  earth,  which  parted  from  the  fluid,  no  longer 
increased.  This  earth,  washed  and  dried,  weighed  23J  grains  ;  after 
ignition  its  weight  proved  to  be  12^  grains.  • 

When  rc-dissolved  in  sulphuric  acid,  and  left  to  spontaneous  evapo- 
ration, it  formed  oblique,  quadrilatenil  double  pyramids,  with  trun- 
cated edges  and  corners.  The  saccharine  taste  of  these  crystals, 
in  conjunction  with  their  other  properties,  showed  that  the  base  of 
this  salt  was  glucine,  the  new  earth  discovered  by  Vauquelin  in  the 
beryl. 

liencc  this  decomposed  emerald  has  yielded,  as  its  constituent 
parts, 

S"«* *68       > g8  50 

e     O.oO ) 

Alumine   ..../» 15.75 

(ilucine     .  .  .  .  / 12.50 

Liino / 0.25 

Oxide  of  iron    .  r 1 

Oxide  of  chrome  d 0.30 


98.30 


*: 


Skction  XXXVl,     Of  the  Combinations  of  Yttrium  and  Thorinum. 

lolG.  1  HAvn  not  been  able  to  collect  any  information  relative  to  the 
imalysis  of  the  compounds  containing  yttria,  which  would  assist  the 
student  in  tluMi*  exiiniination,  in  addition  to  that  which  hn**  been  given 
m  the  preccoding  Chapter,  where  1  have  enumerated  the  dbtinrtive 
churact(M's  of  yttria,  and  the  mode  of  separating  it  from  its  combination 
with  other  earths  (13G2). 

1517.  Thorina,  found  by  Berzelius  in  the  Gadolinite  of  Koraruet, 
and  in  two  other  Swedish  minerals,  which  he  terms  deutofluatt  ofceri' 
ti/n,  and  double  jlnatc  of  ctriuin  and  yttria,  has  not  hitlicrto  been  exa- 
mii'.cd  l>y  anv  other  chemist:  indeed,  the  discoverer  has  himself ob- 
tainfMl  it  in  such  small  quantities  iis  to  have  enabled  him  to  turnish  but 
an  imperfect  account  of  its  properties.  In  addition,  therefore,  to  the 
distinctive  charactors"of  thorina  given  above  (13(34)  I  sliall  here  only 
add  the  process  Ity  whirli  It  was  procured. 

I'o  the  solution  of  the  mineral  atld  succinate  of  ammonia  to  throw 
down  the  iron  :  then  pour  in  sulphate  of  potassa  to  precifiitate  the 
cerium,  and  afterwards  ammonia  v%ill  separate  thf*  yttria  and  thorina ; 
to  soparnto  these  substances  re-dissolve  thrm  in  muriatic  acid,  and  eva- 
porate till  the  solution  is  as  nearly  neutral  as  possible,  then  pour  water 
upon  it  and  boil  for  an  instant ;  thorina  is  precipitatf^d,  and  the  liquid 
becomes  acid  :  by  saturating  this  acid,  and  boiling  again,  an  additional 
poi*tion  of  thorina  precipitates. 

These  details  are«  it  must  be  confessfed,  very  unsatisfactory  :  and 
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when  we  reflect  upon  the  complex  nature  of  the  substances  subxnitteil 
to  analysis,  upon  the  prolixity  of  the  process,  upon  the  small  quantity 
of  thorina  hitherto  procured  (not  amounting,  according  to  Dr.  Thom- 
son {System J  i.  377,  Gth  Edit.)  to  7  grains  and  a  hidf,)  and  upon  the 
acknowledgment  that  it  is  only  occasionally  present  in  the  minerals  ad- 
irrted  to,  we  may  perhaps  be  inchned  to  doubt  its  distiuct  nature. 


CHAPTER  Vli. 

OF    THE   ANALYSIS   OF   MINERAEi   WATERS, 

1518.  The  following  observations,  relating  to  the  analysis  of  mincf 
ral  waters,  have  been  drawn  up  principally  with  a  view  to  facilitate 
the  progress  of  the  student,  in  that  very  difficult  department  of  ana- 
lytical chemistry.  I  have  endeavoured  to  simplify  the  details  by  point- 
ing out  the  readiest  methods  of  recognising  and  separating  the  sub« 
stances  which  usually  occur,  and  have,  therefore,  omitted  the  enume- 
ration of  the  more  rare  ingredients,  or  of  those  which  are  limited  to 
particular  places. 

I  have  not  adverted  to  the  mode  recommended  by  Dr.  Murray 
(^Edinburgh  Phil.  Trans.,  viii.)  because  I  cannot  readily  admit  the  exist- 
ence of  incompatible  salts  to  the  extent  which  his  principle  requires  ; 
nor  do  I  think  that  it  materially  facilitates  the  analysis  in  those  cases 
which  present  peculiar  difficulties  to  the  plan  of  determining  the  in- 
gredients by  evaporation. 


Section  I.     Of  the  Tests  and  ApparaUu  required  in  the  Examination 

and  Analysis  of  Mineral  Waters. 

1519.  Those  who  have  not  access  to  a  regular  laboratory  will  find 
it  convenient  to  arrange  the  following  tests  and  re-agents  in  the  manner 
represented  in  Plate  III.  of  this  work,  the  larger  phials  should  con- 
tain about  6  ounces  by  measure  ;  the  second  size,  3  ounces ;  and  the 
smallest,  1  ounce.  Of  these  phials,  the  greater  number  should  be 
simply  stopped,  and  a  few  of  them  provided  with  an  elongated  stopper 
dipping  into  the  fluid  which  they  contain. 

The  larger  phials  may  contain  the  following  re-agents  : 

Pure  sulphuric  acid. 

nitric  acid. 

muriatic  acid. 

Dilute  sulphuric  acid,  1  acid  +  3  water. 

—  nitric  acid ditto. 

muriatic  acid    •  .  .  ditto. 

Sedition  of  potassa.      .  , 
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Soiutiou  of  soda. 
ammonia. 


carbonate  of  potassa. 
carbonate  of  soda, 
carbonate  of  ammonia, 
oxalic  acid, 
oxalate  of  anmionia. 
baryta. 

acetate  of  baryta, 
nitrate  of  baryta, 
phosphate  of  soda, 
sulphate  of  silver. 


Alcohol. 

The  smaller  phials  may  contain 

Tincture  of  galls. 

Solution  of  iodine  in  alcohol. 

nitrate  of  silver. 

ferro-cyanate  of  potassa. 

muriate  of  lime. 

■  hydro-sulphuret  of  ammonia. 

■  hydriodate  of  potassa. 

soap  in  alcohol. 

Phosphorus. 

Sulphate  of  lime. 

Test-papers^  turmeric,  litmus,  violet. 

Black  flux. 

Nitrate  of  anmionia. 

The  trjiy  should  contain  a  few  Florence  flasks  (1),  Wedgwood  and 
glass  basins  (2,  3),  a  platinum  and  a  silver  crucible  (4,  5),  a  silver  cap- 
sule (6),  some  funnels  (7),  test-glasses  f  8),  test-tubes  (9\  and  glass  rods, 
filtering  paper,  a  spirit  (10),  and  an  Argand  lamp  (11),  a  retort  (IS), 
and  receiver  (13),  a  copper  basin  to  serve  as  sand-bath  (14),  a  blow- 
pipe (16),  a  thermometer  (16),  a  scale  of  equivalents  ^17),  adropping- 
bottle  (18),  a  few  watch-glasses  (1 9),  a  support  for  holaing  glasses  over 
a  lamp  (20),  a  small  brass  stand  with  rings  (31),  a  tube,  with  a  bulb  in 
the  centre  and  a  pointed  extremity,  for  drawing  up  small  portions  of  li- 
quids (23),  platinum  pincers  (24,  25)  ;  a  small  but  good  balance,  with 
well-adjusted  weights,  is  also  requisite,  accompanied  by  a  phial  and 
counterpoise  for  taking  specific  gravities  ;  and,  lastly,  a  small  mercurial 
trough.  There  should  also  be  a  plentiful  supply  of  distilled  water,  a 
portion  of  which  should  be  contained  in  a  dropping-bottle,. 


Section  II.     Examination  of  Minei'al  Waters  by  Tests. 

1520.  i.  The  term  mineral  water  is  applied  to  those  natural  spring- 
waters  which  contain  so  large  a  proportion  of  foreign  muUcr  us  to  ren- 
der them  unfit  for  common  domestic  use,  and  to  confer  upon  them  a 
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sensible  flavour,  and  specific  action  upon  the  animal  frame.  Their 
temperature  is  liable  to  considerable  variation,  and  is  sometimes  their 
principal  character,  as  is  the  case  with  the  waters  of  Bath  and  Buxton  ; 
but  they  are  generally  so  far  impregnated  with  acid  or  saline  bodies, 
as  to  derive  from  them  their  peculiarities,  and  in  this  respect  may  con- 
veniently be  arranged  under  the  heads  of  carbonated,  sulphureous^  sa^ 
line  and  chalybeate  waters.  See  the  annexed  Table  T 1522.)  The  mere 
taste  of  the  water  enables  us  to  determine  to  whicn  of  these  subdi vi- 
sions it  probably  belongs. 

ii.  In  examining  a  mineral  water,  it  is  of  importance  to  aeccrtaia 
its  specific  gravity,  which  gives  us  some  insight  into  the  proportion  of 
its  saline  ingredients,  its  specific  weight,  as  compared  with  pure  water, 
being  of  course  augmented  by  its  forpign  contents.  Mr.  Kirwan  {Es- 
say  on  Mineral  Waters,  p.  145.)  has  given  th«>  following  formula  for 
calculating  the  proportion  of  saline  substances  in  a  water  of  known 
specific  gravity  :  **  subtract  the  specific  gravity  of  pure  water  from 
that  of  the  water  examined,  and  multiply  the  remainder  by  1.4.  The 
product  is  equal  to  the  saline  contents  in  a  quantity  of  the  water  denot- 
ed by  the  number  employed  to  indicate  the  specific  gravity  of  distilled 
water.     Thus  suppose  the  specific  gravity  of  the  water  =  1 .079,  and  , 

that  of  pure  water  =  1.000,  then  79  X  1.4  =  110.6  =  saline  contents 
in  1000  of  the  mineral  water." 

This  is  a  useful  formula,  but  open  to  certain  objections ;  and  as  it  is 
often  of  considerable  importance  to  acquire  a  just  knowledge  of  the 
proportion  of  foreign  bodies  in  water,  it  is  advisable  to  conjoin  the 
above  method  with  the  following : 

iii.  Evaporate  a  given  weight,  say  1000  parts,  to  dryness,  and  ex- 
pose the  residue  for  24  hours  to  a  temperature  not  exceeding  S00<* 
upon  a  platinum  capsule  ;  weigh  it  while  warm,  and  the  mean  obtain- 
ed from  this  and  the  former  experiment,  will  give  the  proportion 
of  dry  saline  ingredients  within  an  error  of  two  per  cent.  Thus  sup- 
pose 1000  parts  of  the  above-mentioned  water  give  by  evaporation 
114.4  dry  residue,  then  110.6  +  114.4  =  225  -^  2  =  112.5=  quan- 
tity  of  saline  matter  in  a  dry  state  (salts  deprived  of  water  of  crystal- 
lization) existing  in  the  mineral  water  under  investigation. 

iv.  Having  by  these  preliminary  operations  ascertained  the  relative 
quantity  of  foreign  matter  in  the  water  under  examination,  the  nature 
of  the  substances  present  is  next  to  be  inquired  into. 

1521 .  The  substances  which  have  been  found  in  mineral  waters  are 
extremely  numerous,  but  those  which  ordinarily  occur,  are  the  fol 
{owing : 

Oxygen. 

Nitrogen. 

Carbonic  acid. 

Sulphuretted  hydrogen.  , 

Carbonate  of  lime. 

Carbonate  of  magnesia. 

Carbonate  of  iron. 

Muriate  of  magnesia*  * 

Sea  salt. 

Sulphate  of  magnesia. 

Sulphate  of  soda. 

Sulphate  of  lime. 
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«.  OxTgeii  Mid  iiiti'0£;en  exist  in  the  greater  number  of  spring  waters 
ill  the  proportions  constituting  atmospheric  air  ;  the  proportiou  of  ni* 
trogen  is,  however,  not  unfrequently  predominant.  These  gases  gire 
no  peculiar  flavour  to  the  water. 

b.  Carbonic  acid  renders  mineral  waters  sparkling  and  efferveficeift: 
it  is  detected  by  occa^^ioning  a  precipitate  in  aqueous  solution  of  buy- 
ta,  which  dissolves  with  eflervescence  in  dilute  muriatic  acid. 

c.  The  pre^ence  of  sulphuretted  hydrogen  is  known  by  its  peculiar 
disa&^recable  smell ;  by  the  production  of  a  black  precipitate  on  drop* 
ping  into  the  water  a  solution  of  nitrate  of  silver ;  and  by  the  deposition 
of  sulphur  on  adding  a  few  drops  of  nitric  acid. 

d.  The  carbonates  are  dissolved  in  the  water  by  excess  of  caibooie 
acid,  and  consequently  fall  upon  ii»  expuls^ion  by  boiling.  CariMHHie 
of  lime  and  magnesia  are  deposited  in  the  form  of  a  white  precipitate. 
Carbonate  of  iron  occasions  the  separation  of  a  rusty  brown  fern4iooiii 
powder,  and  the  water  is  blackened  by  a  few  drops  of  tincture  of  gaDl. 

f.  Mr.  R.  Phillips,  in  his  analysis  of  Bath  waters,  has  shown  thatthi   J 
delicacy  of  galls,  as  a  test  for  iron,  is  curiously  affected  by  the  pre-    ] 
sencc  of  certain  salts  :    if  the  iron  be  in  the  state  of  protoxide,  its  de- 
tection is  facilitated  by  salts  with  a  base  of  lime,  and  by  alcalis;  if  il 
the  state  of  peroxide,  lime  prevents  the  action  of  the  test    Thiiil  I 
well  shown  by  dis'solving  a  rer?/ minute  portion  of  protosulphate  of  iroi 
in  a  ^lass  of  distilled  water,  and  adding  a  drop  of  tincture  of  galls,  wUdi 
occa.<<ions  no  immediate  discoloration  ;  but  a  drop  of  lime-water,  or 
other  alcali,  instantly  renders  the  presence  of  iron  evident;  so  Hal 
the  quantity  of  iron  present  in  a  water  cimnot  be  correctly  judged  of  If 
the  degree  of  precipitation  occasioned  in  it  by  tincture  ofgalU. 

/.  Ferro-cyanatc  of  potassa  is  aUo  a  good  test  to  show  minute  q«ai* 
tities  of  iron  in  water,  by  the  bine  precipitate  which  it  occasion;  ill 
action  is  aided  by  previou:*ly  adding  two  or  three  drops  of  nitric  adi 
to  the  water ;  but  it  is  an  equivocal  test  compared  with  galls. 

g.  The  presence  of  muriatic  sail's  md  of  chlorides,  is  indicated  bja    j 
white  cloud  on  adding  sulphate  of  silver. 

h.  The  sulphates,  when  prosoiit  in  water,  afford  a  white  precipititi 
nn  the  addition  of  nitrate  of  h;intj,  which  i.«  in-oluble  in  nitric  acid. 

>.  Liinc  is  recognised  l>v  a  whiio  clond  on  dropping  oxalate  of  aai-    I 
monia  into  the  water.     A  fxution  of  the  procipitate  collected  aponlctf    ' 
platinum,  and  heated  before  the  blow-pipe,  may  be  burned  into  quick- 
lime. 

k\  Magnesia  is  rendered  evident  by  adding  carbonate  of  ammooii 
whi«:h  throws  down  the  lime,  ami  ^nb-oqueritiy  pouring  in  phospfaaM 
of  soda,  which,  when  maanr-siu  is  present,  rairit's  a  portion  of  itdomiii 
the  form  of  a  granular  prooipitale  of  i«:nmouiaco-inagnesian  phosphate. 

Such  are  the  reailicst  ino.in«5  of  recoj;nising  tlie  presence  of  the  T^ 
rious  substances  that  cotnuioiily  occur,  by  the  action  of  re-agenwor 
tests  ;  and,  having  gained  -ncJi  general  information,  we  next  proceed 
to  the  analysis  of  the  water,  in  ordor  to  asintain  the  ridative  proper 
tions  %{  the  gaseous  and  saline  ingredients  which  it  holds  dis^olveJ 
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Section  III.     Analysis  of  Mineral  Waters. 

1522.  V.  To  ascertain  the  relative  proportions  of  the  gapeous  con- 
tents of  water  with  perfect  accuracy,  \n  a  very  difficult  undertaking, 
and  rarely  necessary  ;  the  following  metliod  is  sufficiently  precise  in 
all  ordinary  cases  of  analysis.  Provide  a  Florence  fliLsk  capable  of 
holding  rather  more  than  a  measured  wine-pint,  which  quantity  of  the 
water  under  examination  is  to  be  introduced  into  it,  and  a  cork  careful- 
ly fitted  to  its  neck,  through  a  perforation  in  which  is  inserted  a  glass 
tube  one-eighth  inch  di.imeter,  rising  perpendicularly  abont  18  inches, 
and  then  bent  so  as  to  pass  conveniently  under  the  shelf  of  the  mercu- 
rio-pneumatic  apparatus.  (Where  a  sufficiency  of  mercury  cannot  b« 
procured,  warm  water  may  be  substituted,  if  only  carbonic  acid  be  pre- 
sent, and  it  may  be  absorbed  by  transferring  the  jar  containing  it  to  a 
solution  of  potassa.)  The  flask  should  be  placed  over  an  argand  lamp, 
and  heat  gradually  applied  till  the  water  fully  boils.  The  gas  evolved 
is  to  be  collected  in  the  usual  way,  in  a  graduated  jar  over  quicksilver, 
and  submitted  to  the  following  examination  : — 

vi.  Throw  up  a  small  quantity  of  solution  of  potassa,  which,  if  car- 
bonic acid  be  present,  will  absorb  it,  and  the  quantity  will  be  shown  by 
the  diminution  of  bulk. 

vii.  Introduce  the  remaining  air,  or  a  portion  of  it,  into  a  small  bent 
tube,  containing  a  bit  of  phosphorus  ;  heat  it  so  as  to  kindle  the  phos- 
phorus, and  note  the  diminution  of  bulk  when  cold.  It  is  proportion- 
al to  the  oxygen  present,  and  if  equal  to  one-fiflh  of  the  whole  bulk, 
the  gas  may  be  reg:irded  as  atmospheric  air*. 

viii.  If  sulphuretted  iiydrogen  be  present  it  may  be  separated  by 
strong  alcoholic  solution  of  iodine,  which  rapidly  absorbs  it,  and  srnrce- 
1}'  takes  up  more  than  its  own  volume  of  carbonic  acid  gas.  Chlorine, 
added  to  a  mixture  of  sulphuretted  hydrogen  and  carbonic  acid,  will 
also  produce  the  absorption  of  the  former  if  a  little  water  be  i)re?*ont ; 
but  it  cannot  be  conveniently  used  over  mercury. 

ix.  During  the  ebullition  it  not  unfrequently  happens  that  a  precipi- 
tation ensues,  indicating  that  the  substances  thrown  down  were  dis- 
solved by  carbonic  acid ;  and  in  that  case  they  should  be  separated 
upon  a  filter  a,  af\er  which  the  remaining  water  may  be  evaporated  to 
dryness  in  a  ghixed  porcelain  basin  ;  the  dry  residue  transferred  to  a 
silver  capsule,  and  perfectly  desiccated  at  a  temperature  not  exceeding 
500«.  B. 

The  precipitate  a  may  consist  of  carbonate  of  lime,  of  carbonate  of 
ma^^nesia,  or  of  oxide  of  iron  ;  or  it  may  be  a  mixture  of  the  three  ; 
dissolve  it  in  dilute  muriatic  arid,  and  add  oxalic  acid  which  throws 
down  oxalate  of  lime  ;  separate  this  by  filtration,  and  saturate  the  fil- 
trated portion  with  carbonate  of  ammonia,  which  precipitates  the  per- 
oxide of  iron,  and  having  removed  this,  evaporate  the  residuary  mix- 
ture, and  expose  the  dry  salt  to  a  red  heat  in  a  small  platinum  capsule  ; 


*  III  srjmmtiriir  ox^piii  a  sniution of  iiitrir  oucio  in  protoGiiIphatP  of  inm  inuy  soniftimca 
'THivuiieutlv  \k-  t.nplovMf,  buf  ii  lU^.^  i:ot  j;ivi-  io:u-curate  a  riMi't  u-*  llw  at  tiou  of  pLo»[iku- 
rnv. 
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the  mnanesjia,  if  any  wore  present,  will  rcmiiin  ;  if  not  there  will  be 
no  rt^iitluo,  for  thc>  oxalic,  acid  and  muriate  of  ammonia  will  be  destroy- 
od  and  volatilized. 

U»0  parts  of  oxalate  of  lime  indicate  77  of  carbonate  of  lime. 

1(H)  parts  of  red  oxide  of  iron  indicate  9n  of  black  oxide,  or  143  of 
rarbonate  of  iron.  When  carbonic  ncid  holds  iron  in  solution,  the 
inc'tal  is  in  the  state  of  protoxide,  and  if  air  be  excluded,  it  requires 
lonq;  boiling  to  decompose  it  ;  for  the  s.ime  reason,  if  the  water  be  ex- 
po>rd.  under  the  exhausted  receiver  of  the  air-pump,  it  doe?*  not  rea- 
dily horome  brown,  as  is  the  case  when  it  is  exposed  to  air  ;  a  drop  or 
two  of  nitric  acid  facilitates  the  deposition  of  the  red  oxide. 

100  parts  of  pure  magnesia  are  equivalent  to  213  of  carbonate  of 
m.iirnc^ia. 

\.  The  dry  residue  n,  is  to  be  digested  in  six  or  eight  parts  boilinf  1 
alrohuK  specitic  gravity  0.017,  which  will  take  up  muriate  of  magiie-  i 
sia.  and  in  some  rare  cases  (where  no  sulphates  are  present)  muriite  \ 
o{  linio.  Titter  otY  the  alcoholic  solution,  and  wash  the  residue  c  i 
with  a  little  fresh  alcohol,  which  add  to  the  former,  and  evaporate  to 
drync'i*  n.  The  dry  mass  d.  exposed  for  some  time  to  a  heat  of  600*, 
1^  uciicr.diy  pure  muriate  of  magnesia  ;  if  it  contain  muriate  of  Uiiie» 
I  he  latter  earth  may  he  separated  by  solution  of  oxalic  acid,  in  the 
*l.itc  o\'  oxalate  of  lime. 

I  have  f  uiml  it,  in  some  cases,  convenient  to  convert  the  muriates  of 
liMic  and  magnesia  into  sulphates,  by  pouring  upon  them  excess  of  sul- 
pliiiric  acid,  evaporating  to  dryness,  and  heating  the  dry  mass  red  hot. 
The  ••III phate  of  magnesia  may  then  he  almost  completely  scptntel 
from  the  sulphate  of  lime,  by  a  small  quantity  of  cold  water  ;  or  a  sa- 
turated sidution  of  sulphate  of  lime  may  be  used,  which  takes  up  the 
••ulphato  of  magnesia,  and,  of  course,  leaves  the  sulphate  of  lime. 

The  alcohol  will  also  tkeup  a  very  minute  portion  of  sea-$alt, 
^\hich,  however,  is  too  small  to  require  estimation. 

\i.  The  ir^idtM*  i ,  in^njuhle  in  alcoliol,  may  contain  sea-salt,  ?ul- 
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phalt*  of  .-oda,  -.nlph:itr  ofiwagnesia,  and  >ulphate  of  lime  ;  dige«titia 
liii  pari-  of  hoiliii;;  ili«ililii'd  water,  wliirh,  when  cold,  will  have  taken 
up  vM'vy  thini;  hut  >ul|)hale  of  lime,  of  which  an  iuappreciahle  por- 
tion nfdy  will  have  hicn  dissolved  ;  -eparate  the  solution  into  two 
equnl  iH>r!ii)US.  a  and  />. 

To  </  aild  nitrate  of  silver,  and  wa^h  and  dry  the  precipit;ite,  nhich 
is  chloride  of  siUer.  and  of  which  100  parl^  indicate  41  of  sea-salt 

To  h  aild  a<et.d(»  of  haryta  a-*  loni:  a-  it  occasions  a  precipitate,  which 
i-  ••ulph.iie  of  har\ta,  and  which  is  to  hv  separated,  dried  and  weighfJ. 
KK»  Lfr.iins  are  equivaletit  to  0O.5  of  .-uli>hat(^  of  soda,  and  to  61  of  sul- 
phate i»f  magnesia. 

In  ordrr  to  a>certain  the  quantity  i»f  nia!:ne-iia  present,  and  f ona^ 
queutly  the  quantity  of  >ulphuric  acid  lulonzing  to  it,  evajwratc  ill 
liquid  fdtered  olT  the  harUic  precipit;ile  i:  t<»  dryness  ;  it  will  contaii 
M'^a-'iaU,  acetate  of  soda,  acetate  of  niai;iii  sia,  and,  prohably.  a  portifli 
t»f  the  added  acetate  of  haryla  ;  ignit*-  the  iWy  m:*^^,  an«l  %vafth  it  to^f 
par.ite  the  sea—alt  and  >oda  ;  magnesia  aiid  car'oonat*'  of  har\tawiB 
nMn;iin  in<oluhle,  upon  uhi'h  ]»our  dilute*  «^ulphuric  aeid  :  diiresi.  filter, 
•I'.i.l  evaporate  the  rliMr  liquor  to  dr\n<'->  :  it  i«->'ilphate  of  nuigiie:^' 
•  ijuivalent  <d' cour>e  to  the  oriirinal  portieu*  of  the  salt;  deduct  the 
^•ilphuric  acid  ccmtained  in  it  from  the  whoir  in  the  precipitate  r.  .in' 
•  •'   rrniainder  will  give  the  quantity  united  !•»  tli-i  sodu. 
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idiimte  the  qaantitj  of  salphiite  of  lime  in  the  water,  the 
le  eTBporation  of  one  point  may  be  washed  with  cold  sa* 
ion  of  salphate  of  lime,  which  will  dissolve  erery  thing 
bate,  and  which  may  thus  be  obtained  and  weighed  ;  or, 
f  ammonia  to  a  given  quantity  of  the  boiled  and  filtered 
t  the  precipitate,  and  dry  it  at  a  heat  of  500*.  100  grains 
te  indicate  104  of  dry  sulphate  of  lime, 
are  the  general  components  of  mineral  waters,  and  the 
lertslning  their  relative  quantities.  Let  us  suppose  the 
ilts  have  been  obtained,  with  a  view  to  illustrate  the  mode 
p  the  analysis.  By  the  process  v,  twelve  cubical  inches 
been  expelled  during  the  ebullition  of  a  pint  of  water, 
e  to  solution  of  potassa  has  occasioned  a  diminution  of 
al  inches,  which,  it  having  been  previously  ascertained 
aretted  hydrogen  was  present,  may  be  considered  as  car- 
The  remaining  gas  thrown  up  into  a  tube  containing  a  por- 
ihoms,  and  heated,  suffers  scarcely  any  diminution,  and 
w  does  not  bum  :  hence  it  may  be  regarded  as  nitrogen. 
contents,  therefore,  of  the  water  under  exammation  are 


tenicacid 11  cubic  inches. 

l^gen 1  ditto*. 

etted  hydrogen  be  present,  it  is  best  to  have  recourse  to  a 
ration  to  estimate  its  quantity :  for  this  purpose  collect 
tbvtf  and  throw  up  into  it  a  small  quantity  of  alcoholic 
dine.    The  absorption  denotes  the  quantity  of  the  gas. 

next  step  of  the  operation  relates  to  the  examination  of 
tte  deposited  during  ebullition,  (ix.  a.)  Let  us  suppose 
>f  oxalate  of  lime  to  be  3  grains,  of  oxide  of  iron  1.5 
magnesia  1  grain ;  then  the  above  data  give 

Onim. 

liODate  of  lime 2.2 

■bonate  of  iron 2.4 

rbonate  of  magnesia 2.1 

koholic  solution  (x.)  may  be  diluted  with  water  and  test- 
add  for  lime ;  if  absent,  evaporate  to  dryness  as  directed. 
BC  the  residue  to  be 

[uriate  of  magnesia 6  grains. 

ality  of  muriate  of  magnesia  be  considerable,  greater  ac* 
mred  by  converting  it  into  sulphate,  which  is  done  by 
capsule  of  platinum,  pouring  upon  it  sulphuric  acid,  eva- 
ryness,  and  heating  the  dry  mass  to  dull  redness.  100 
dry  sulphate  of  magnesia  indicate  94  of  muriate  of  mag* 
the  water  under  examination  would  have  given  6.35graini 
'  flttoriate. 


^m,  a  naJl  portion  irill  probtbi/  hafe  been  derived  from  the  air  mthet^ 
ak  with  the  pneumatic  apparatus ;  a  Uttle  practice  toon  cnaUeilbe  opeiatM 
I  h  baa  beoi  expelled ;  or  itmay  be  receivracattit,  and alieiwaffdidtaactta 

31 


If  Um  aleobalic  edition  conlvn  muriate  of  lime,  that  eaili  n 
prarionsly  sepumtad ^ o'^'c^id ;  ^^  "^  parts  of  oublca 
ue  cqmTdattt  to  8fi  «f  dr^  mnrinte  of  lime. 

xri.  TheaqWMlMlntioii.^lhe  residue  (c  xi.)  btaigimii 

two  poitiooB,  let «  fiypOM  tk*  portion  a  xi.  to  afi'ord  i-b  of  d 

of  olrer,  wtuch  iaAcatM  of  Ma-aalt  3.5  grains  =  7  graini  is  It 

zvii.  Let  u  amne,  tt«t  ttw  precipitate  of  salphale  of  bnj 

weighi  ISgr^Bi,  iiidicilti>g  of 

Snlphnric  acid 6.1  grains. 

The  procaM  directed  id  zL  fitrnighes  of 

Sojpliate  of  OMptauB  ....  3.75  grsioB, 
irhicb  contain  i.6  pains  ofmdpharic  acid,  aod  which  dedntti 
fi.1  gninikav«!E.egruu,  whiph  are  adequate  to  the  formttiai 

SoMiaU  of  sodft 4.65  grains. 

So  that  the  inntfthe  water  baling  beeo  divided  into  two  equal  p 
would  cantun  « 

Sol^nte  of  nn^teain  3.75X2=7.5  grains. 
SnlphBte  of  soda    .  .  4.65X3=9.3  grains. 
xviii.  The  addition  of  oialate  of  ammonia,  or  ontic  idd.l 
of  the  boiled  water  (xii.)  fimutbea  a  precipitate  of  4-7  gnat 
Irtft  of  litnet  '"■<i''»*'iig  of 

'  Snl^iate  of  lime S  graiiu. 

zix.  To  pre  a  general  view,  therefore,  of  tike  conqwoHk 
minend  water  whidi  bai  thna  been  ezanuDed,  we  ahoald {ihell 
ftUowa: — 
One  wine  pint  containi 

"-^•' '-- *-T 

Carbonic  acid 11 

Nitrogen 1 

OaseooB  contents IS 

OlMK 

Carbonate  of  lime X.n 

Carbonate  of  iron 3.40 

Carbonate  of  nugoeua i.lD 

Mariate  of  nu^esia 6jOO 

Seaaalt '.  . 7.00 

Snlphate  of  magneaia 7.50 

Salpbate  of  aoda 9.30    | 

Snlpbate  of  lime &        J 

Aggregate  weight  of  solid  contents  40.S0   4 

zx.  Besides  the  sabstancea  now  enumerated,  and  which  mtfi 
sidered  as  the  mMt  frequeatly  occurring  ingredients  in  miaenli 
there  are  others  occasionally  prei^cDi,  of  nhich  the  foUiinn| 
enumeration,  with  the  best  methods  of  detecting  them : 

a.  Carbonate  of  soda  is  known  lo  exiat  in  water,  when,  aM 
been  bailed  down  to  half.its  bott,  and,  if  necessary,  filtered  " 
tumeric  paper,  and  restores  the  blac  of  litmus  reddened 
it  also  aooras  an  eflerresceot  precipitate  with  nitrate  of  bk 
in  dilute  nitric  acid.    This  carbonate  is  incomptiiUe  with 
salts  of  Unw. 
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ime  may  also  be  used  to  detect  the  alcaline  carbonates, 
fiords  a  precipitate  of  carbonate  of  lime.  Carbonate  of 
iahed  from  that  of  potassa,  by  the  latter  affording  a  pre- 
itral  muriate  of  platinum,  which  the  former  does  not. 
immonia  is  obviously  discoverable  by  its  smell,  when 
astic  fixed  alcali  or  lime. 

letected  by  evaporating  the  water  to  dryness,  and  boil- 
in  dilute  muriatic  acid.   The  silica,  if  present,  remains 
der  not  altered  by  a  red  heat,  but  instantly  fusing  with  a 
bonate  of  soda. 

eld  and  borax  have  been  found  in  certain  lakes  in  India, 
rts  of  Italy.  To  detect  boracic  ^id,  evaporate  to  one- 
inal  bulk  of  the  water,  and  add  carbonate  of  soda  as  long 
any  precipitate  ;  boil  and  filter.  The  filtered  liquor  will 
of  soda,  with  some  other  salts  of  the  same  basis  ;  eva- 
«•  in  a  platinum  crucible,  and  digest  the  residue  in  three 
'  sulphuric  acid,  diluted  with  its  bulk  of  water.  If  bo- 
resent,  it  will  separate  in  micaceous  crystals, 
has  been  found  in  a  few  mineral  waters  in  the  state  of  a 
lay  be  separated  by  the  following  process  :  Evaporate  to 
in  aleohol,  and  re-dissolve  the  residue  in  eight  parts  of 
nd  add  oxalic  acid,  which  throws  down  lime,  and  which 
1,  leaves  magnesia  and  alumina  in  solution.  Carbonate 
rows  down  the  alumina  and  leaves  the  magnesia. 
nia  throws  down  both  alumina  and  magnesia.  These 
separated  by  solution  of  potassa,  which  dissolves  the 
the  latter. 

e  is  sometimes  found  in  water,  but  only  in  very  small 
as  not  to  amount  to  more  than  a  trace.  Dr.  Scudamore 
f  manganese  in  the  waters  of  Tunbridge  Wells,  and  it 
discovered  in  larger  proportion, 
en  said  that  certain  nitrates  are  occasionally  present  in 
:h  solutions  can  scarcely  be  called  mineral  waters.  If 
be  present,  it  will  be  taken  up  from  the  residue  of  eva- 
ohol,  and  may  be  decomposed  by  carbonate  of  potassa, 
arbonate  of  Ikne  and  crystals  of  nitre. 
Qes  happens  that  water  contains  lead,  which  may  be  de- 
oration  to  one-eighth  its  bulk,  adding  a  few  drops  of  ni- 
len  hydriodate  of  potassa,  which  gives  a  yellow  insolu- 
;  and  hydrosulphuret  of  ammonia,  which  forms  a  deep 
cloud.  These  precipitates  may  be  reduced  by  heating 
e  blow-pipe  upon  charcoal,  mixed  with  aUttle  black  flux. 
lie  or  animal  matter  be  contained  in  water,  it  gives  it  a 
especially  when  evaporated.  It  may  be  destroyed  in 
I  by  igniting  it  with  a  small  addition  of  nitrate  of  ammo- 

Dg  analyses  of  mineral  waters  may  be  advantageously 
e  student,  as  containing  a  variety  of  useful  details,  which 
omitted  in  the  above  observations  : — Analysis  of  the  Hot 
y  by  Richard  Phillips,  Esq.  Analysis  of  the  Brighton 
Dr.  Marcet.  Analysis  of  the  Tunbridge  Wells  Waters^ 
IKE.  Mr.  Children's  Translation  of  Theva^d^s  Essay 
s/ym,  chap  vi. 
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CHAPTER  VIII. 

or    VEOETIBLG    SUBSTIM 


1523.  Hjvina  ia  the  preceding  chapters  considered  the  propertip« 
of  the  elementary  substances,  and  such  of  their  compounds  as  can  be 
artidcially  formed,  or  are  found  in  the  mineral  world,  we  proceed  in 
this  and  in  the  succeeding  chapter  to  examiDe  the  states  ofcombinatioa 
ID  which  they  occur  in  organic  suhstances. 

The  several  sections  of  the  present  chapter  will  relate  to  the  forma- obj»u«ri 
ti on  of  vegetable  subittances  and  their  chemical  physiology;  to  the*'"''"' 
analysis  of  vegetable  products,  and  the  properties  of  their  proximate 
component  parts  ;  and  to  the  phsnomena  and  products  of  fermenlalion. 


Section  I.     Of  the  Structwre  and  Growth  of  Planti,  and  of  the  chemical 
Phtenomtna  of  Vegetation. 

15S4.  Id  examining  the  external  structure  of  a  perfect  and  full-grown  Orjio. 
regetable,  or  plant,  the  essential  organs  of  which  it  is  observed  to  con- '' ""' 
list  are  the  root,  the  stem,  the  leaves,  the  flowers,  and  the  seeds. 

The  root  serves  to  attach  the  plant  to  the  soil,  and  is  one  of  its  or-  •*"' 
tans  of  nutriment ;  in  its  structure  it  closely  resembles  the  stem,  of 
which  it  may  be  regarded  aa  a  continuation,  terminating  in  more  or  less 
minute  ramifications,  analogous  to  the  branches  deprived  of  leaves. 
The  item  is  usually  erect  and  subdivided  into  branthe)  which  bear  thesim, 
teavei  aadJloTvers,  and  upon  which  the  teeds  are  ultimately  produced.  i.=i.i,, 

1526.  When  a  branch  of  a  tree  is  cut  transversely  it  exhibits  a  eor- p_^^__^  ^ 
•  ticat portion,  or  iorfe;  wood;  andplA,  OP  central  medullary  tubstanee.mi>Mt. 

The  bark  ia  subdivisible  into  an  external  layer  or  cutiV/c,  under  which 
is  a  cellular  luiilanct  tying  upon  the  innermost  part,  or  cortical  layen.  ,hju,. 

1526.  The  cuticle  extends  over  every  part  of  the  plant ;  it  allows 
ef  absorption  wid  transpiration,  and  being  generally  transparent,  at  least 
upon  the  leaves  and  flowers,  it  admits  the  influence  of  light.  The  . 
cuticle  varies  in  texture  and  appearance  in  different  plants.  On  the  '^' ' 
currant  and  elder  tree  it  is  smooth  and  scales  off :  on  the  fruit  of  the 
peach,  and  on  the  leaf  of  the  mullein,  it  is  covered  with  wool  ;  on  the 
leaf  of  the  while  willow,  it  is  silky  ;  in  several  plants,  it  is  covered  with 
hair  and  bristles,  which  in  the  nettle  are  perforated  and  contain  a  ve- 
nomous fluid  :  on  the  plum  and  upon  many  leaves,  it  is  varnished  with 
a  resinous  exudation,  which  prevents  injury  from  rain  :  it  is  fungous  on 
the  bark  of  the  cork  tree  :  and  on  grasses,  on  ttte  equtsetum,  and  es- 
pecially on  diflerent  species  of  the  rattan,  it  is  covered  with  a  glassy 
network  of  siliceous  earth. 

Silica  is  also  found  in  the  hallow  stem  of  the  bamboo,  constituting  the 
substance  called  taba»heer,  the  optical  properties  of  which  are  peculiar) 
and  have  been  described  by  Dr.  Brewster. — Phil.  Tram.  1819. 

I6Z7,  Under  the  cuticle,  orepidermit,  is  the  fartnchyma  ;  asoftPtKothj 
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Bubstance,  appearing  under  the  microacope  of  a  honeycombed  or  beu- 
gonal  cellular  structure,  resulting  from  the  mechanical  law*  which  in- 
fluence the  pressure  of  Bof\  cjlinden. 

Ctntcii  Uj-      1528.  The  eortieal  layeri  appear  of  a  tubular  and  fibrous  tntnre. 

"*'  and  nilb  the  cellular  substance  receive  and  elaborate  the  sap.     In  the 

older  branches  and  trunks  of  trees,  the  bark  consiBts  of  as  man;  Isj- 

en  as  they  are  years  old  ;  the  innermost  layer  has  been  called  the  /i- 

htr,  in  which  the  most  ess  sntial  vital  functions  of  the  plant  appear  top 

'  on,  and  by  which  a  new  Icyer  of  wood  is  annually  secreted. 

Si^msd.  td29.  The  wood  consists  of  an  outer  stratum  of  liTii^  wood  called 

HmtrwBti.  the  alburnum,  or  mp-wood;  and  an  inner  dead  part,  i>T  hearl-moodi  In 
the  alburnum,  whici)  is  tubular,  the  sap  appears  to  rise  frMn  the  roati ; 
it  p.isaes  Into  the  leavea,  where  it  undergoes  changes,  and  theoeeea- 
ters  the  vessels  of  the  inner  bark,  in  which  new  parts  are  produced, 
and  whiih  is  thus  enabled  to  generate  new  wood. 

When  the  tubular  stmcture  is  examined  by  a  magnifier,  itappean 
composed  of  ves<iela,  some  of  which  are  simple,  othen  perforated  in 
various  ways,  Rnd  others  spiral.     The  fibres  of  the  wood  consist  of 

iwriMi  ud  concentric  and  diverging  layers,  which  have  been  called  the  spvrtMu 

**^f^    and  the  iilver  grain, 

Piib.  1530.  Thefii'tAoccupies  the  centre  of  the  wood  ;  it  ii  reiy  TaiiabU 

in  quantity  in  plants  of  different  ages,  and  appears  not  to  be  of  essen- 
tial importance.  It  probably  sometimes  serves'  as  a  reservoir  of  laoii- 
ture. 

t**™.  153J.  The  /eatws  are  highly  vascular,  and  appear  compoaedofa 

woody  skeleton,  supporting  a  tabular  and  cellular  stmctare.  The; 
allow  of  evaporation  and  absorption,  and  in  them  the  sap  ta  concocted 
and  rendered  fit  for  the  production  of  new  parts.  The  absorption  and 
evaporation  principally  take  place  upon  the  lower  surface  of  the  leaf. 
In  most  plants  the  leaves  are  annually  re-produced. 

'■'"•"iJ"-      1 532,  Tbe/ott-er  consists  of  the  calyx,  or  green  support  of  the eo- 

^iiiu'u^tMB.rolla,  QT  floral  leavet ;  and  of  the  piitit  and  ttamen*.     The  pistil  is 

JJ^'ii"*''"' surmounted  by  the  itylt,  and  is  connected  with  a  vessel  coatainii^  the 
rudiments  of  the  seeds.  The  stamens  are  surmounted  by  muhert,  co- 
vered with  a  fine  powder  called  the  pollen,  and  which,  being  deposit- 
ed upon  the  style,  renders  the  seeds  productive. 

fa''ikS'%       1533.  The  ited  is  extremely  various  in  form.     It  consists  essential- 

Jicfi.     '"""ly  of  the  cotyledon,  the  plume,  and  the  radieU.     The  cotyledon  con- 
tains the  matter  necessary  for  the  early  nutrition  of  the  young  plant 
Sometimes  it  is  single  sometimes  double,  and  sometimes  divisable  into 
several  lobes.     The  plume  afterwards 
produces  tbc  stem  and  leaves,  and  is 
enveloped  by  the  cotyledons ;  the  ra- 
dicle generally   projects  a  liltle,   and 
when  the  seed  vegetates  it  becomes  the 
root.    These  parts  are  usually  envelop- 
ed in  a  Common  membrane,  and  are  well 
seen  in  the  garden  bean,  represented 
in  the  annexed  cut.     aa  are  the  cotyle- 
dons ;  6  tbc  plumula  ;  c  the  radicle  ;  d 
d  the  external  membrane. 

1634.  When  a  seed  is  pl^ed  under  favourable  circumstances  the  ' 
different  parts  be^n  to  p-ow ;  the  membranes  burst,  the  plumula  sra- 
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<)uallj  expunds  und  rises  lo  the  surface  oftlie  soil,  anj  tbe  radicle  puU 

fortli    rami  fie  Httons,   and    becomes   u    root. 

These  changes  constitute gen/itoal ion.     The  ^' 

cotyleilons,  originally  insipid  anil  lannuceous, 

become  sweet  and  mucilaginous,  und  t'umisli 

materials  for  the  early  nutriment  of  flie  young 

phml,  before  its  root  and  le^iTes  are  adequate 

lo  their  full  functions  ;  and  vessels  are  ob- 

Kcrved  ramifying  throughout  the  cotyledons 

fot  this  purpose,  as  here  represented. 

When  the  root  and  stem  have  acquired  a 
certain  degree  of  vigour,  the  cotyledons  ei- 
ther rot  aivay,  or  become  leaves  :  and  the  plant  then  derives  it  oour-Nt 
isbment  by  the  absorbing  powers  of  the  root  and  leaves,  the  former 
collecting  materials  from  the  soil,  the  latter  from  tbe  atmosphere. 

Tbe  circumstances  requisite  for  the  healthy  germination  or  growlh 
of  a  seed  are  principally  the  following:  1.  A  due  tiiinperaturo,  which 
is  always  above  the  freezing  point,  and  below  100".  2.  Moisture  in'^' 
due  proportion.  3.  A  proper  access  of  air,  tbe  oxygen  of  which  is 
slowly  converted  into  carbonic  acid.  The  joint  operation  of  these 
agenl^  also  is  required ;  for  seeds  exposed  to  air  Emd  moisture,  but 
kept  below  3£",  will  not  grow,  though  they  arc  not  injured  by  tbe  low 
temperature  :  nor  will  a  seed  vegetate  without  air,  though  moisture  be 
present  and  a  sufficient  temperature ;  this  is  shown  by  burying  seeds 
deep  in  the  soil,  and  by  the  spontaneous  vegetation  upon  newly-turned 
earth,  in  which  seeds  had  existed,  but  through  absence  of  oxygen  hiid 
been  unable  to  vegetate.  Hence  in  all  cases  of  tillage  the  seeils  should 
be  so  sown  as  that  tbe  air  may  have  access  ;  in  sandy  soils  this  is  easi- 
ly attained,  but  in  clayey  soils  the  adhesiveness  of  the  materials  is  of- 
ten the  cause  of  their  unproductiveness. 

1535.  As  the  plant  advances  to  perfection,  it  becomes  depeodant  up- 
on the  air  and  soil  for  its  nutriment :  the  roots  absorb  moisture  andAirud  wii. 
other  materials  ;  and  the  leaves,  while  (hey  exhale  mobture,  frequent- 
ly absorb  carbon  from  the  carbonic  acid  present  in  the  atmosphere, 
and  evolve  oxygen.  This  evolutionof  oxygen  takes  place  while  plants 
are  exposed  to  the  solar  rays,  and  appears  one  of  the  most  eificient 
causes  hitherto  suggested  of  the  purification  and  renovation  of  the  air. 
In  the  night-time,  the  leaves  of  plants  always  exhidc  carbonic  acid, 
and  at  all  times  if  the  leaves  be  dying  or  unhealthy.  There  are  also 
certain  plants  which  appear  under  all  circumstances  rather  (o  deterio- 
rate tlian  renovate  tbe  air  ;  on  the  whole,  however,  the  balance  is  itv 
favour  of  amehoration(DAVf'BW^ni:u'liiraI  Ckem.  4lo.  p.  195.)  though 
the  disappearance  of  the  enormous  quantities  of  carbonic  acid  gas  con- 
tinually pouring  into  our  atmosphere,  can,  1  think,  scarcely  be  refer- 
red to  the  purifying  action  of  vegetables  alone. 

Under  certain  circumstances,  the  leaves  of  plants  also  absorb  a  con-«<iii 
sidemble  ^rtion  of  aqueous  vapour  and  water,  as  is  shown  by  the  re- 
Duscitation  of  a  drooping  plant,  on  sprinkling  it  with  water,  or  exposing 
it  to  a  humid  atmosphere.  It  is  probable  that,  in  healthy  vegetation, 
the  absorption  of  water  by  tbe  leaves  takes  place  iu  the  night  si 
chiefly,  and  that  their  principal  function  in  the  day  is  that  of  transpira- 
tion. Upon  these  suUecb  the  reader  may  consult  Saosiviis's  Rtciitr- 
thaChimiguei  s«r/o  FfgHnXin. 

■t  P 
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■>  is  a  glau  or  earthen  retort,  contaiiung  the  vegetable  ■ubatance  to  be 
decomposed,  and  placed  in  a  sand  heat  upon  the  fnmsce  b,  which  ii 
gradually  raised  to  a  red  heat.  It  is  connected  by  the  adapterc  irithAe 
receiver  d,  which  is  kept  oool  far  the  condensation  of  the  liquid  pro- 
ducts ;  the  gases  pass  into  the  bell-glass/  standing  over  mercnrj.     i  if 
a  tnbe  of  safety,  to  allow  for  sudden  eipansion  or  contractioD  ;  there 
being  in  its  loner  part  a  small  qaantity  of  mercury  which  ia  occaeional- 
ly  elevated  or  depressed.     The  joints  are  secured  by  lute. 
Andriii  •iiii      1^43.  An  improved  mode  of  ascertaining  the  relative  proportions  of 
rhimug/pe-the  ultimate  component  parts  of  vegetable  products  has  been  devised 
'"^  by   MM.  Qaj  Lnssac  and  Thenard,    ^Recktrehii  PhyHeo-Chimi^va, 

Tom.  ii.)  It  consists  in  burning  the  vegetable  substance  with  chJorate 
of  potassa{54B.)  The  requisite  proportion  of  the  chlorate,  uceitiiii- 
ed  by  previous  experiment,  is  mixed  with  a  given  weight  of  tte  vege- 
table  matter,  and  made  into  a  small  ball,  which  is  dried,  md  fc«ned  io 
the  apparatus  described  in  the  opposite  page.  The  gases  are  collected 
over  mercury.  The  carbonic  acid  is  absorbed  by  solutioD  of  nntnnai : 
if  nitrogen  be  present,  it  will  be  found  in  the  residuary  gaa ;  if  carbn* 
retted  hydrogen  has  been  disengaged,  its  quantity  and  composition  may 
be  ascertained  by  detonation  with  oxygen.  There  should,  however, 
alwnys  be  allowance  made  for  the  production  of  excess  of  oxygen : 
thus  the  quantity  of  carbon  is  estimated  from  that  of  the  cutmiiic  acid 
formed  ;  the  quantity  of  hydrogen  is  deduced  from  that  of  th«  oiygen 
which  has  disappesre  J  for  the  prodaction  of  water ;  and  the  quantity  of 
oxygen  is  learned  by  the  remaining  excess. 

The  details  of  the  process  will  be  found  in  the  fourth  volume  of  M. 
TiiEiTAno's  Traill  de  Oiimit,  with  the  following  arrangement  and  des- 
cription of  the  apparatus. 


AtU-TSIS  OF  ItoETABU; 

.  A  hole  is  made  throiigli  a  brick,  l,  and  the  glass  tube  ha  h  pusacd 
broiigh  it  3S  far  as  to  the  smnll  lateral  tube  bb,  which  passes  into  the 

'mercurial  trough.  The  lower  eilrcniitj  of  the  tube  lesU  upon  the 
grate  o,  where  it  is  to  be  beated  red-hot  by  charcoal,  inAamed  by  the 
lamp  R.  A  bntsa  cock  is  fitted  by  grinding,  to  the  tube  co.  It  hag  a  so- 
lid plugi  DS,  in  which  is  a  cavity  lat^  enough  to  contain  one  of  the  balJTi 
to  be  analyzed,  and  which  is  introduced  at  the  opening  e.  The  plug  i« 
Iheo  turned  rounit,  and  the  ball  falls  into  the  rcd-liot  piirt  of  the  tube. 
wb«re  it  burns,  the  gaees  passing  into  the  mercuHul  apparatus,  ff  is  a 
baiin,  into  which  ice  may  be  introduced  to  keep  the  metallic  parts  of  the 
apparatus  cool.  It  is  convenient  lo  case  the  lower  part  of  the  tube  a  in 
iron,  as  it  is  sometimes  blown  out  at  that  part  by  the  expansion  within. 
Further  directions  respecting  this  process,  with  some  observations 
upon  it  by  Mr.  Daniell,  will  be  found  in  Mr.  Children's  tranatntion  of 
M,  Theoard's  volume  on  Analysis. 

1644.  A  simpler,  und  in  some  respects,  preferable  means  ofona-wi 
lyzing  vegetable  substances,  consists  in  exposing  them  to  heat  withcer-'"'' 
tain  metallic  oxides  in  vessels  which  admit  of  our  collecting  the  resi- 
due and  products  of  combustion.  For  iLis  purpose,  procure  a  copper 
tube,  bored  from  a  solid  bar,  about  twelve  ^ches  long,  and  one-third 
of  .-in  inch  internal  diameter,  with  a  bent  bra*v<;.ul)e  ground  to  its  open 
end,  to  which  is  attached,  also  by  grinding,  aglas^  tube  containing  pow- 
dered muriate  of  lime,  and  bent  so  as  conveniently  to  pass  under  the 
shelf  of  the  me  re  u  no- pneumatic  apparatus  ;  the  muriate  of  time  mny 
be  kept  it  its  place  by  some  loose  amianthus,  and  the  weight  of  the 
{Ihrs  tube  should  be  carefully  ascertained.  Fill  the  brass  tube  loosely 
with  dry  amianthus  j  weigh  out  3  graios  of  the  vegetable  substance  to 
be  analyzed,  and  mix  these  intimately  with  130  grains  of  Snety^pow- 
dered  peroxide  of  copper  ;  put  this  inixtare  into  the  bottom  of  the 
copper  tabe,  and  afterwards  fill  it  up  loosely  with  oxide  of  copper ) 
then  attach  the  brass  and  glass  tubes,  and  arrange  the  apparatus  so  that 
the  open  end  of  the  latter  may  be  brought  under  an  inverted  jar  of  mer- 
cury. Had  the  copper  tube  placed  in  a  small  furnace  and  surrounded 
with  burning  charcoal,  taking  care  to  apply  the  heal  in  the  first  instance 
to  the  upper  part  of  it,  and  aflerwards,  to  the  bottom  contiining  the 
vegetable  matter ;  care  should  be  taken  to  make  the  whole  of  the  cop- 

'  per  lube  gradually  dull  red.  and  to  keep  the  brass  tube  as  cool  as  pos- 
Bible  by  a  damp  clolh.  During  this  operation  the  carbon  of  the  vege- 
tible  matter  will  be  converted  into  carbonic  acid,  and  collected  over 
the  mercury  ;  the  nitrogen,  if  any,  will  be  mixed  with  it,  and  the  hy- 
drogen will  be  converted  into  water,  and  absorbed  by  the  muriate  of 
bne.  The  carbonic  acid  muy  be  absorbed  by  liquid  potassa,  and  its 
Inilk  furnishes  a  datum  upon  which  to  calculate  the  proportion  of  car- 
bon, while  the  increase  of  weigitt  in  the  muriate  of  lime  shows  the 
quantity  of  water  formed,  and  consequentiv  the  quantity  of  hydrogen 
ia  the  matter  subjected  to  analysis.  If  ne  And  the  a^regate  weight  of 
the  carbon  and  hydrogen,  or  of  the  carbon,  hydrogen,  and  nitrogen, 
equal  to  that  of  the  original  vegetiible  substance,  no  oxygen  was  pre- 
sent ;  but  if  there  l>c  a  dcticiency  it  may  be  referred  lo  oxygen. 

]!>ib.  In  all  analyses  thus  roiitfucted,  the  vegetable  substance  iliould 
eithi'i-  be  previouf^ly  perfcrlly  dried,  or  the  quantity  of  adhering  wa- 
ter, if  there  beany,  allowed  for  in  samming  up  the  results  ;  with  every 
precaution,  however,  the  method  if  open  to  objections,  and  liable  to 
«evcr.i!  sitir'!*.  of  fallacy.     Indeed,  although  I  hnvC  frequently  made 
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Hennooi. 
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such  experiments  with  every  possible  caution,  I  have  in  no  one  instance 
gained  satisfactory  re«(uhs ;  the  quantity  of  carbon  may,  it  is  true,  be 
obtained  with  sufficient  accuracy ;  but  the  greatest  difficulty  attends 
the  collection  of  the  water  which  is  formed,  and  all  estimates  that  I 
have  been  able  to  make  of  the  r^ative  proportions  of  oxygen  and  hy- 
drogen have  been  60  exceedingly  at  variance  in  different  triiU,  as  en- 
tirely to  shake  my  confidence  in  the  accuracy  of  the  mode  of  analysis ; 
and  the  same  difficulty  occurs  in  respect  to  the  nitrogen.  When, 
therefore,  1  see  the  results  of  the  analysis  of  a  single  grain  of  vegeta- 
ble matter  detailed  to  the  third  decimal  number,  1  cannot  but  suspect 
that  theory  has  more  share  in  the  result  than  experiment,  more  espe- 
cially when  such  analysis  is  made  the  basis  of  an  atomical  calculation. 
1546.  By  subjecting  different  vegetable  substances  to  ultimate  ana- 
lysis, MM.  Gay-Lussac  and  Thenard  consider  themselves  warranted  in 
drawing  the  following  conclusions  : 

a,  A  vegetable  substance  is  always  acid,  when  the  oxygen  which  it 
contains  is  to  the  hydrogen,  in  a  proportion  greater  than  is  necessary 
to  form  water,  or  where  there  is  excess  of  oxygen. 

b,  A  vegetable  substance  is  resinous,  oily,  or  alcoholic,  where  the 
oxygen  is  to  the  hydrogen  in  a  less  proportion  than  in  water^pr  where 
there  is  excess  of  hydrogen, 

c,  A  vegetable  substance  is  neither  acid  nor  resinous,  bat  saccha- 
rine, mucilaginous,  4'c.,  where  the  oxygen  and  hydrogen  are  in  the  same 
relative  proportion  as  in  water,  or  where  there  is  no  excess  of  either. 

To  the  correctness  of  these  results,  there  are  some  excepbons  which 
have  been  pointed  out  by  M.  Saussure  (Thomson's  Annals^  VoL  vi.,) 
and  by  Mr.  Daniell  (Joumai  of  Science  and  Arts^  Vol.  vi.  p.  326,)  and 
which  tend  considerably  to  shake  our  confidence  in  their  entire  accuracy. 

The  following  Table  exhibits  the  results  of  the  analysis  of  several 
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36.15 

Oxalic  acid  .     . 

26.67 
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substances,  by  tbe  mode  above  described.     TiIenard^s  Treatise  on 
Chemical  AnalysiSj  translated  hy  A.  Merrick. 

1547.  The  proximate  principles  of  vegetables  are  cbiefly  separable  Proximal 
from  each  other  by  the  action  of  certain  solvents,  oT  which  the  princi- '"'**^*^*"* 
pal  are  cold  and  hot  water,  alcohol,  ether,  and  a  few  of  the  acids. 
The  manner  of  applying  these  will  be  made  more  obvious  by  the  de- 
tails in  the  following  sections,  than  by  any  general  account  which  could 
here  be  given  of  the  various  steps  of  the  analysis.  The  number  of 
proximate  principles  which  are  thus  capable  of  being  distinguished  and 
separated  from  each  other,  is  considerable  ;  those  which  have  been 
most  accurately  examined  are  enumerated  in  the  following  Table,  and 
will  each  form  the  subject  of  a  separate  section ;  while  those  which 
are  less  perfectly  known,  will  be  adverted  to  under  the  titles  of  those 
which  they  most  neariy  resemble.  "* 

1  Gum.  12  Resins. 

2  Sugar.  13  Narcotic  principles. 

3  Starch.  14  Bituminous  substances. 

4  Gluten.  15  Vegetable  acids. 

5  Extractive  matter  and  Lignin.     a.  Tartaric  acid. 

6  Tannin.  b.  Oxalic  acid. 

7  Colouring  matter.  c.  Benzoic  acid. 

8  Wax.  d.  Citric  acid. 

9  Fixed  oil.  e.  Malic  acid. 

10  Volatile  oil.  /•  Gallic  acid. 

11  Camphor. 


Sectioit  III.    Gum. 

1548.  Gum  is  contained  in  considerable  quantities  in  the  sap  of  many 
vegetables,  and  frequently  appears  as  a  spontaneous  exndation.  Gum 
arable  may  be  taken  as  a  specimen  of  pure  gum.  Its  specific  gravity 
is  about  1.4.  It  has  a  slightly  yellow  tint,  and  is  translucent,  inodo- 
rous, and  insipid.  It  dissolves  in  water,  forming  a  viscid  solution,  orp^perticf. 
mucilage^  from  which  it  may  be  obtained  in  -its  original  state  by  eva- 
poration ;  it  is  insoluble  in  alcohol,  which,  therefore  causes  a  white 
precipitate  in  its  aqueous  solutions  ;  it  is  also  insoluble  in  ether  and 

oils  ;  it  undergoes  no  change  by  exposure  to  air,  and  its  aqueous  solu- 
tion does  not  ferment,  but  only  becomes  slightly  sour  when  kept  for 
a  long  time. 

1549.  Gum  is  decomposed  by  sulphuric  and  nitric  acids:  the  for- 
mer produces  water,  acetous  acid,  and  charcoal ;  the  latter,  among 
other  products,  converts  a  portion  of  the  gum  into  a  white  acid  sub- 
stance, called  the  mucoiM  actd,  and  which  is  analogous  to  that  obtained  Mwousacii 
from  sugar  of  milk,  or  sacckolacttc  oeul,  under  which  head  its  prepa- 
ration is  mentioned :  malic  and  oxalic  acids  are  also  formed. 

Dilute  sulphuric,  and  muriatic  acids,  dissolve  gum  without  change. 

1550.  The  alcalies,  and  solutions  of  the  alcaline  earths,  also  dis-soiTent<i«:' 
solve  gum,  and  the  addition  of  acids  occasions  its  partial  precipitation*"^' 
without  having  undergone  much  apparent  alteration.    It  combines  with 

a  few  of  the  other  metallic  oxides.  *  A  strong  solution  of  permuriate 
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of  iron,  dropped  into  a  concentrated  mucilage,  forms  a  brown  jelly  of 
difficult  solubility.  Silicated  potassa  also  occasions  a  white  flaky  pre- 
cipitate in  dilute  mucilage,  and  is,  according  to  Dr.  Thomson^  a  Teiy 
delicate  test  of  guih.  By  mixing  caustic  ammonia  with  a  boiling  adu- 
tion  of  gum,  and  then  adding  subnitrate  of  lead,  Berzeliui  obtanied  a 
white  precipitate  {gwnmate  of  lead)  composed  of 

Gum 61.75 

Oxide  of  lead    .  .  38.25 


100. 


If  this  compound  be  regarded  as  consisting  of  1  proportional  of  gum. 
and  1  of  oxide  of  lead,  the  number  181  might  be  assumed  as  the  re* 
presentative  of  gum,  for  38.25  :  61.75  :  :  112  :  180.8.  But  if  we  con* 
aider  it  as  a  compound  of  2  of  gum  and  I  of  oxide,  then  90.5  would  be 
the  equivalent  of  gum,  and  the  following  numbers  neariy  agree  "with 
its  composition,  as  deduced  from  experiment : 

6  Proportionals  of  oxygen     8    X  6  ^ 

6 hydrogen  1X6  = 

G carbon  .6X6  = 


48.0 

SB 

53.S 

6.0 

:= 

e.e 

36. 

=s 

40 

90 


99.9 


1 55 1 .  Submitted  to  destructiye  distillation,  gum  affords  carbonic  acid 
and  carburetted  hydrogen  gases,  empyreumatic  oil,  water,  and  a  con- 
siderable quantity  of  impure  acetic  acid,  once  considered  as  a  peculiar 
acid,  and  distinguished  by  the  term  pyromttcous  acid. 
o\^nTpmt.  1552.  There  are  several  varieties  of  gum  differing  a  little  from  each 
other.  Cherry 'tree  gum  and  gum  tragacanth  do  not  dissolve  in  cold 
water,  but  in  otiier  respects  their  properties  resemble  those  of  gum 
arabic.  To  these  varieties  the  generic  term  of  Ctrasin  has  been  given 
by  some  chemists. 


Section  IV.    Sugar. 

1553.  Sugar  may  be  extracted  from  the  juice  of  a  number  of  v^e- 
tables,  and  is  contained  in  all  those  having  a  sweet  taste  ;  that  which  is 
commonly  employed  is  the  produce  of  the  arundo  taecharifera^  or  tii- 

Prepvttioo.  gar-catu^  a  plant  which  thrives  in  hot  climates.  Its  juice  is  expressed 
and  evaporated  with  the  addition  of  a  small  quantity  of  lime^  until  it 
acquires  a  thick  consistency ;  it  is  then  transferred  into  wooden  cool- 
ers, where  a  portion  concretes  into  a  crystalline  mass,  which  is  drained 
and  exported  to  this  country  under  the  name  of  mwewado^  or  raw  w- 
gar.     The  remainii^  liquid  portion  is  mola$$e$f  or  treacle. 

1554.  The  following  is  a  sketch  of  the  process  by  which  raw  sugar 
is  purified  in  this  country. 

Raw  sugar  is  chosen  by  the  refiner  by  the  sharpness  and  brigfatnesf 
of  the  grain,  and  those  kinds  are  preferred  which  have  a  peculiar  grey 
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jiuc.  Soft-grained  yollow  sugars,  although  thcj  may  be  originally 
whiter,  arc  not  so  tit  for  tlic  purposes  of  the  manufactory,  and  it  is  for 
thi.s  rcaiion  that  sugars  from  particular  countries  are  never  used  :  such 
arc  those  from  the  East  Indies,  Barbadoes,  4'C.  They  do  not  possess 
the  property  of  crystallizing  so  perfectly,  and  approach  in  this  respect 
to  the  nature  of  grape  sugar. 

There  appear  to  be  two  perfectly  distinct  kinds  of  saccharine  mat- Two  kinds  or 
ter;  one,  uhen  pure,  is  transparent  and  colourless,  and  crystallizes "JJi^J"°* 
under  proper  maniigcment  in  a  regular  form,  generally  in  flattened  six- 
sided  prisms  ;  the  other  is  uncrystallizable,  and  generally  highly  charg- 
ed with  colouring  matter.  This  colouring  matter  is  not,  perhaps,  es- 
sential to  it,  but  may  arise  in  the  present  case  from  the  eifect  of  fire, 
by  the  agency  of  which  it  is  peculiarly  prone  to  decomposition.  We 
may  mention,  as  familiar  instances  of  these  two,  white-nigar-candy  and 
treacle.  The  juice  of  the  cane  is  composed  of  these  ingredients,  and 
though  they  are  in  some  degree  separated  in  our  Indian  colonies  by 
the  process  of  evaporation  and  filtration^  yet  the  raw  sugar  which  we 
receive  coBtains  j^till  much  of  the  latter  combined  with  the  former. 
The  process  of  refining  consists  in  further  separating  the  two.  . 

The  proper  sugar  being  selected,  the  pans,  which  resemble  in  some 
measure  those  used  in  the  West  Indies,  are  charged  with  a  certain  por- 
tion of  lime-water,  with  which  bullocks^  blood  is  well  mixed  by  agita- ^'»««  ^««'' 
tion.  They  are  then  filled  with  the  sugitr,  which  is  suffered  to  stand  biood. 
a  night  to  dissolve.  The  use  of  the  lime-water  is  not,  as  is  generally 
supposed,  to  neutralize  any  free  acid  in  the  raw  material :  but,  by 
combining  with  the  molasses,  to  render  it  more  soluble,  and  thus  to  fa- 
rilitate  its  separation  from  the  pure  solid  sugar.  In  the  purer  kinds, 
and  more  especially  when  the  refined  is  again  melted  over  for  the  pur* 
pose  of  bringing  if  to  its  utmost  degree  of  purity,  lime  is  not  used,  the 
quantity  of  molasses  being  so  small  as  to  be  easily  removed  by  the 
agency  of  water  alone. 

(*ires  are  lighted  under  the  pans  early  in  the  morning,  and  when  the 
liquid  begins  to  boil,  the  albumen  of  the  blood  coagulates  and  rises  to 
ihe  top,  bringing  all  the  impurities  of  the  sugar  with  it.  These  are 
taken  off  with  a  skimmer.  The  liquid  is  kept  gently  simmering  and 
continually  skimmed,  till  a  small  quantity,  taken  in  a  metallic  spoon, 
iippears  perfectly  transparent :  this  generally  takes  from  four  to  five 
hours.  The  whiteness  of  the  sugar  is  not  at  all  improved  by  this  pro- Coocentntion. 
«:oss,  but  is  even  sometimes  deteriorated  from  the  action  of  the  fire  :  it 
only  serves  to  remove  all  foreign  impurities.  When  the  solution  is 
judged  to  be  sufficiently  clear,  it  is  suffered  to  run  off  into  a  large  cis- 
tern. The  pans  are  then  reduced  to  half  their  size  by  taking  off  their 
fronts,  and  a  small  quantity  is  returned  into  each.  THe  fires  are  now 
increased,and  the  sugar  made  to  boil  as  rapidly  as  possible,  till  a  small 
quantity  taken  on  the  thumb  is  capable  of  being  drawn  into  threads  by 
1  he  fore-finger.  Nothing  but  practice  can  ascertain  the  exact  point  at 
which  the  boiling  should  be  stopped  :  if  it  is  carried  too  far,  the  molasses 
is  arain  bound  up  with  the  sugar ;  and  if  it  is  not  carried  far  enough, 
much  of  the  sugiir  runs  off  with  the  molasses  in  the  after-process. 
Whon  this  point  ii«  iiscertained,  the  fire  is  instantly  damped,  and  the  boil- 
ing sugar  carried  off  in  basins  to  the  coolers;  a  fresh  quantity  is  then 
pumped  into  the  pans,  which  is  evaporated  in  the  like  manner. 

^Viien  the  sug»r  is  in  the  coolers,  it  is  violently  agitated  with  wood- Gnoniition. 
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en  oars  till  it  appears  thick  and  granulated,  and  a  portion  taken  on  Oie 
finger  is  no  longer  capable  of  being  drawn  into  threads.  It  is  apon 
this  agitation  in  the  cooler  that  the  whiteness  and  fineness  of  grain  in 
the  refined  sngar  depends.  The  crystals  are  thus  broken  whflst  fom- 
ing,  and  by  this  means  the  whole  is  converted  into  a  granular  masSf 
which  permits  the  coloured  liquid  saccharine  matter  to  run  off, 
and  which  would  be  combined  with  the  solid  if  suffered  to  form  in  lar- 
ger crystals.  This  granular  texture,  likewise  facilitates  the  percola- 
tion of  water  through  the  loaves  in  the  after-process,  which  washes 
the  minutely-divided  crystals  from  all  remaining  tinge  of  the  molasses. 
That  this  is  the  true  theory  of  the  whitening  of  sugar  by  the  process  of 
refining,  appears  from  a  comparison  with  the  process  for  making  can- 

cukiyiag.  dy.  In  this  latter,  the  raw  material  is  cleared  and  boiled  exactly  ia 
the  same  manner ;  but  instead  of  being  put  into  coolers  and  agitated, 
it  is  poured  into  pots,  across  which  threads  arc  strung,  to  which  the 
crystals  attach  themselves  :  these  are  set  in  a  stove,  and  great  care  is 
taken  not  to  disturb  the  liquid,  as  upon  this  depends  the  largeness  and 
beauty  of  the  candy.  In  this  state  it  is  left  for  five  or  six  days,  expos- 
ed to  a  heat  of  about  95^,  when  it  is  taken  out  and  washed  with  lune- 
water  :  this  takes  off  the  molasses  from  the  outside,  but  a  great  quan- 
tity is  combined  in  the  crystals,  and  the  consequence  is,  that  candy  is 
never  whiter  than  the  sugar  from  which  it  is  made. 

When  the  sugar  has  arrived  at  that  granular  state  in  the  coolers 
above  described,  it  is  poured  into  conical  earthen  moulds,  which  have 
previously  been  soaked  a  night  in  water.  In  these  it  is  again  agitated 
with  sticks,  for  the  purpose  of  extricating  the  air-bubbles  which  would 
otherwise  adhere  to  the  sugar  and  the  moulds,  and  leave  the  coat  of 
the  loaf  rough  and  uneven.  When  sufficiently  cold,  the  loaves  are 
raised  up  to  some  of  the  upper  floors  of  the  manufactory,  and  the  pa- 
per stops  being  removed  from  their  points,  they  are  set,  with  their 
broad  ends  upward,  upon  earthen  pots.  The  first  portions  of  the  li- 
quid molasses  soon  run  down,  and  leave  the  sugar  much  whitened  by 
the  separation.  This  self-clearance  is  much  assisted  by  a  high  tem- 
perature ;  and  when  it  is  perfected,  pipe-clay,  carefully  mixed  up 
with  water  to  the  consistence  of  thick  cream,  is  put  upon  the  loaves  to 
the  thickness  of  about  an  inch  :  the  water  from  this  slowly  percolates 
the  loaves :  and,  washing  the  solid  sugar  from  all  remains  and  tinge  of 
the  molasses,  runs  into  the  pots.     The  clay  is  of  no  other  use  than  to 

cujiofir.  retain  the  water,  and  prevent  its  running  too  rapidly  through  the  mass, 
by  which  too  much  of  the  sugar  would  be  dissolved  :  a  sponge,  dipped 
in  water,  acts  in  the  same  manner.  The  process  of  claying  is  repeat- 
ed four  or  five  times,  according  to  the  nature  of  the  sugar,  and  the  de- 
gree to  which  it  has  been  boiled.  When  the  loaves  are  perfectly 
cleansed  from  all  remains  of  the  coloured  fluid,  they  are  suffered  to 
remain  some  time  for  the  water  to  drain  off;  when  this  is  completed* 
they  are  set,  with  their  faces  down,  when  all  remains  of  it  return  from 
their  points,  and  it  is  equally  diffused  throughout :  they  are  then  set  in 
a  stove,  heated  to  about  96^,  and  thoroughly  dried. 

The  syrup,  or  the  mixed  solution  of  sugar  and  molasses  which  runs 
into  the  pots,  is  mingled  in  the  next  boilings  with  the  solution  of  raw 

^  sugar  in  tlie  pans,  and  i^n  evaporated.     It  is  divided  according  to  its 

"^  •       fineness  ;  the  first  running  containing,  of  course,  more  molasses,  is  re- 
served for  the  coarser  loaves ;  whilst  the  last,  being  little  else  than  a 
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kilutioti  of  augur,  is  boiled  into  loaves,  of  the  same  dtgree  ul'  fineness 
tu  those  from  which  it  ran.     The  lowest  eyrups  are  boiled  into  ivh.il  is 
rallied  baatard  mgar,  from  which  (be  molnisea  runs  with  very  httle  mis- 
lure  of  the  solid  sogar.     This  is  CHJIed  treticU,  and  in  totally  incapable^"""* 
of  further  crydtniliznlion. 

The  produce  of  I  cwl.  of  raw  sugar  ivorked  in  this  mnnner  ia.  upon 
an  average, 

63  lbs  rcliaed 

18  —  hastaid 

H    ,  S7  —  [QolassGa 

^^    *  4  —  lost  weight,  dirt,  4'C' 

i  ^ 

^■^  I'be  process  above  described  m»y  almost  be  considered  as  mecbanj- 
^^W.     The  only  truly  chemical  parts  of  it  are  the  clearing  with  blood, 
^Bm  the  use  of  lime-water,  which,  leaving  the  solid  sugar  untouched, 
combines  with  the  molasses,  and  rendering  it  in  some  measure  sapona- 
ceous, facilitates  its  solution  during  the  percolation  of  the  water. 

Attempts  have  lately  been  made  to  whiten  the  sugar  during  its  boil- 
■ngi  by  the  addition  of  charcoal.     This  destroys  some  of  the  col ou ring chuaoj, 
matter  of  the  molasses,  and  tends  materially  to  whiten  the  lugor,  es- 
peciidly  if  the  charcoal  employed  be  partly  of  animal  origin. 

Another  attempt  hag  been  made  to  improve  the  process  of  claying, 
by  the  substitution  of  a  strong  solution  of  very  white  sugar  for  tlic 
clay.  The  idea  was,  that  the  water  having  a  etronger  affinity  for  the3,,„rui,a 
EDolasgeR  than  for  the  solid  sugar,  would,  in  its  passage  through  the'"'' 
loav.es,  wash  away  the  former,  and  leave  the  latter  in  its  place,  and 
that  more  weight  and  u  closer  grain  would  thus  be  obtained.  The  idea 
was  ingenious,  but  the  advantages  scarcely  counterbalanced  the  addi- 
tional expense  of  preparing  the  solution  of  fine  sugar  in  the  first  in- 
stance. 

1 555.  Sugar  may  be  obtained  from  the  sap  of  many  other  plants.  It  ^«| 
eiists  in  large  quantity  in  the  sugar  maple  (aeer  taccharinum),  and  in 
the  root  of  the  common  beet  {btta  vulgaris).  In  many  ripe  fruits  su- 
gar is  a  predominating  ingredient ;  and  in  dried  grapes,  tigs,  ^c,  it  is 
alien  seen  as  a  superficial  incrustation.  Though  these  kinds  of  sugar 
differ  a  little  from  each  other,  they  can  scarcely  be  regarded  as  dis- 
tinct species. 

1556.  //uite^  is  also  a  variety  of  sugar  containing  a  crystallizable  aQdn.^' 
an  uncrystallizable  portion,  the  predominance  of  one  or  other  of  which 
give  to  it  its  peculiar  character  ;  they  may  be  flartially  separated  by 
mixing  the  honey  with  alcohol,  and  pressing  it  in  a  linen  bag  ;  the  liquid 
sugar  being  the  most  soluble,  passes  through,  leaving  a  granular  mass, 
nhicb  forms  crystals  when  its  solution  in  boiling  alcohol  is  set  aside, 
Honey  also  frequently  contains  wax,  and  a  little  acid  matter. 

1557.  Sugar  is  a  while  brittle  substance  of  a  pure  sweet  taste,  wi- 
Inbie  in  its  own  weight  of  water  at  60".  Boiliikg  water  dissolves  a  con- 
siderably  lai^r  quantity.  This  solution  is  called  tymp ;  it  is  viscid, 
and  furnishes  crystals  in  the  form  of  four  and  six-sided  prisms,  irregu- 
larly terminated.  Sugar  is  soluble  in  alcohol,  but  much  more  sparing- 
ly so  than  in  water. 

1653.  Nitric  and  talpburic  aci<ls  decompoce  tu|ar -,  the  forD«tco»<2^ 
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veils  it  into  oxalic  acid ;  the  latter  evolves  charcoal  ^and  prrduccs 
water  and  acetous  acid. 
/rtioi  of  ti-     1569.  The  alcalis  dissolve  sugar,  and  destroy  its  sweet  taste,  which 
*=^'*  re-appears  if  an  acid  be  added.     When,  however,  the  alcalis  are  left 

for  a  long  time  in  the  contact  of  sugar  they  effect  a  more  important 
change,  becoming  carbonated  and  converting  the  sugar  into  gam.  From 
a  solution  of  sugar  in  lime-water,  Mr.  Danicll,  who  has  obligingly  fur- 
nished me  with  the  principal  materials  of  this  section,  obtained  crys- 
tals of  carbonate  of  lime  and  a  portion  of  gum.  The  addition  of  phos- 
phuret  of  lime  to  syrup  produces  an  analogous  change. — Journal  of 
Science  and  the  Arts,  Vol.  vi.  p.  32. 
Of  vnteitae  1560.  When  protoxide  of  lead  is  digested  with  sugar  and  water,  a 
portion  is  dissolved  and  afterwards  separates  in  the  form  of  a  white  in- 
sipid powder  {9acc}uirate  of  lead,)  insoluble  in  water  and  composed, 
according  to  Berzelius,  of 

Sugar 41.74 

Glide  of  lead  ...  .     58.26 


vf  Ica^ 


100.00 


AciMB  of  ca-     1561.  When  sugar  is  exposed  to  heat  it  fuses,  becomes  brown, 
'^'^'  evolves  a  little  water,  and  is  resolved  into  new  arrangements  of  its 

component  elements.     If  suddenly  elevated  to  a  temperature  of  about 
600^,  it  bursts  into  flume. 

1 562.  The  relative  proportions  of  elements  in  gum  and  sagar  ap- 
pear from  the  experiments  of  Guy-Lussac  (page  17,)  to  be  nearly  the 
same.  The  analyses  of  these  two  substances  by  Berzelius  afforded 
slight  differences  OBly  ;  according  to  him  they  contain 

Carbon.  .  .  .  41.906)      Gum.  .  44.200)      Sugar 
Oxygen    .  .  .  51.306}=   100.  .  49.015)=   100 
Hydrogen   .  .     6.788 )  .  .     6.785) 

The  equivalent  of  sugar,  deduced  from  the  analysis  of  the  compound 
with  oxide  of  lead,  provided  we  regard  that  compound  as  containing  1 
proportional  of  each  of  its  components,  is  80.2  a  number  not  perfectly 
reconcileable  with  the  ultimate  of  analysis  of  Berzelius,  who  regards 
sugar  as  composed  of 

6  Proportionals  of  carbon.  ,6X0=^  36.  .44.  4 

5 oxygen       8X6  =  40.  .49.38 

5 hydrogen  1X5  =    5.      6.17 

81.     99.95 

BfA|iA.  1563.  Manna  is  an  exudation  from  the  Fraxinut  Ornusy  a  species  of 

ash,  growing  in  Sicily  and  Calabria.  It  has  a  sweet  and  somewhat 
nauseous  taste,  and  is  used  in  medicine  as  a  mild  aperient.  It  is  very 
soluble  in  water,  and  more  soluble  in  alcohol  than  cane  sugar ;  the  lat- 
ter solution  deposits  it  in  the  form  of  a  white  spongy  mass.  Digested 
in  nitric  acid,  it  yields  both  oxalic  and  saclactic  acids.  Its  solution  in 
wipiter  does  not  appear  susceptible  of  vinous  fermentation. 


I'RQrERTIES  OF  STAKCH^  4^9 


Section  V.    Starch. 

1564i  Starcb,  or  Fecula,  may  be  separated  from  a  variety  of  vege- 
table tubfltances ;  it  is  contained  in  the  esculent  grains,  and  in  many 
roots.  The  process  for  obtaining  it  consists  in  diffusing  the  powdered 
grain  or  the  rasped  root  in  cold-water,  which  becomes  white  and  tur- 
bid ;  the  grosser  parts  may  be  separated  by  a  strainer  and  the  liquor 
which  passes  deposits  the  starch,  which  is  to  be  washed  in  cold  water 
and  dried  in  a  gentle  heat. 

1665.  The  common  process  for  obtaining  the  starch  of  wheat  con- ^'j^^"!J'/^^^' 
sists  in  steeping  the  grain  in  water  till  it  becomes  soft ;  it  is  then  put 
into  coarse  linen  bags,  wliich  arc  pressed  in  vats  of  water :  a  milky 
juice  exudes,  and  the  starch  falls  to  the  bottom  of  the  vat.  The  super- 
natant liquor  undergoes  a  slight  fermentation,  and  a  portion  of  alcohol 
and  a  little  vinegar  is  formed,  wliich  dissolves  some  impurities  in  the 
deposited  starch ;  it  is  then  collected,  washed,  and  dried  in  a  moderate 
heat,  during  which  it  splits  into  the  columnar  fragments  which  we  meet 
with  in  commerce,  and  which  are  generally  rendered  slightly  blue  by  a 
little  smalt.  / 

1566.  Pure  starch  is  a  white  substance,  insoluble  in  cold  water,  but  Pn>p«rUe4  o; 
readily  soluble  at  a  temperature  between  160^  and  180^.     Its  solution ''^'^^' 

is  gelatinous,  becomes  mouldy  and  sour  by  exposure  to  air,  and  by  care- 
ful evaporation  yields  a  substance  resembling  gum  in  appearance,  ^^^j^^.  ^^ 
which  is  a  compound  of  starch  and  water.     Starch  is  insoluble  in  alco- cohoi, lu. 
hoi  and  in  ether,  and  occasions  no  precipitate  in  tlie  greater  number  of 
metallic  solutions ;  in  solution  of  subacetate  of  lead,  however,  it  occa- p^^j  .|^^^, 
sions  a  copious  precipitate.     The  most  characteristic  property  of  starch  oxide  of  lead. 
is  that  of  forming  a  blue  compound  with  iodine  ;  it  may  be  obtained  by  Fomn  a  biu^ 
adding  an  aqueous  solution  of  iodine  to  a  dilute  solution  of  starch.         ^*^^  "*^*' 

Sulphuric  and  nitric  acids  dissolve  starch,  sgid  slowly  decompose  it, 
or  resolve  it  into  new  compounds*     Dilute  nitric  acid  dissolves  it  with- 
out decomposition,  formii^  a  greenish  solution,  which  deposits  starch 
upon  the  addition  of  alcohoL    It  is  slowly  soluble  in  muriatic  acid,  and  Soluble  iq 
insoluble  in  acetic  acid.  *"*^' 

Potaisa,  triturated  with  starch,  forms  a  compound  which  is  soluble  Unites  to  po- 
in  water.  *****' 

Infusion  of  galls  occasions  a  precipitate  in  the  solutions  of  starch,  Precipitated 
which  re-dissolves  by  heating  the  tiquid  to  120**.     This  property  £)|.,^3r^°'*'" 
Thomson  considers  as  characteristic  of  starch. 

1567.  By  digesting  subnitrate  of  lead  in  a  boiling  solution  of  starch, 
Berzelius  obtained  an  insoluble  compoundi  wliich  he  has  termed  amyr 
late  of  leadf  consisting  of 

-  72  starch. 
28  oxide  of  lead. 

100 

1568.  It  appears  by  a  reference  to  the  ultimate  elements  of  starch 
and  sugar,  that  they  differ  little  in  composition,  and  it  is  therefore  not 
surprising  that  the  former  is  easily  convertible  into  the  latter. 

1569.  The  change  of  starch  into  sugar  is  always  observed  durinsthe 
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GcrmiBaiion.  gGiminatioD  of  8eed«  (1634),  and  ia  the  process  ofc  ftia{(tfig  a  similar 

conversion  is  effected. 
Haiuac.  Malt  is  barley  which  has  been  made  to  germinate  to  a  certaio  extent, 

'  after  which  the  process  is  stopped  by  heat.  The  barley  is  steeped  in 
cold  water,  and  is  then  made  into  a  heap,  or  eouek,  upon  the  malti9oor : 
here  it  absorbs  oxygen  and  evolves  carbonic  acid  ;  its  temperature  aug- 
ments, and  then  it  is  occasionally  turned,  to  prevent  its  becoming  too 
warm.  In  this  process  the  radicle  lengthens,  and  the  plume,  called  by 
the  maltsters  the  acrospire^  elongates  ;  and  when  it  has  nearly  reach- 
ed the  opposite  extremity  of  the  seed,  its  further  growth  is  arrested 
by  drying  at  a  temperature  slowly  elevated  to  150^  or  more.  The 
malt  is  then  cleansed  of  the  rootlets. 

According  to  Dr.  Thomson,  barley  loses  about  8  per  cent,  by  con- 
verting it  into  malt,  of  which 

1.5  is  carried  off  by  the  steep-water 
3.0  dissipated  in  the  floor 
3.0  roots  separated  by  cleansing 
0.5  waste 

8.0 

1570.  The  following  comparative  analysis  of  unmalted  and  malted 
barley  shows  the  change  which  has  taken  place  in  the  operation. 

Gum 5 14 

Sugar 4     16 

Gluten 3     1 

Starch 88     69 

100  barley.  100  malt. 

ronreriion  of     1571.  Another  mode  of  converting  starch  into  sugar  was  discovered 
lS?hV»X^«»^^y  ^^'  Kirchoff ;  it  consists  in  boiling  it  with  very  dilute  sulphuric  acid 
ric  acid.        ^  pouud  of  starch  may  be  digested  in  six  or  eight  pints  of  distilled  wa 
ter,  rendered  slightly  acid  by  two  or  three  drachms  of  sulphuric  acid 
The  mixture  should  be  simmered  for  a  few  days,  fresh  portions  of  wa 
tcr  being  occasionally  added  to  compensate  for  the  loss  by  evaporation 
After  this  process  the  acid  is  saturated  by  a  proper  proportion  of  chalk 
and  the  mixture  filtered  and  evaporated  to  the  consistence  of  syrup 
its  taste  is  sweet,  and,  by  purification  in  the  usual  way,  it  affords  cryt 
tallized  sugar.     MM.  de  la  Rive  and  Saussure  have  shown  that  the  con 
tart  of  air  is  unnecessary  in  the  above  process  ;  that  ne  part  of  the 
acid  is  decomposed,  no  gas  evolved,  and  that  the  sugar  obtained  exceeds 
by  about  one-tenth,  the  original  weight  of  the  starch.     M.  de  Saussure, 
therefore,  concludes  that  the  conversion  of  starch  into  sugar  depends 
upon  the  solidification  of  water,  a  conclusion  strengthened  by  the  fol- 
lowing comparative  analysis. — Thomson's  Aniials,  Vol.  ii. 

100  Parts  of  Starch  100  Parts  of  Starai 

cootain  Su^ar  cuntHin 

Carbon 45.39 37.29 

Oxygen 48.31 55.87 

Hydrogen   ....     5.90 6.84 

Nitrogen 0.40 0.00 

100.00  100.00 
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1572.  This  analysis  of  starch  is  somewhat  at  rariance  with  that 
given  by  Gay-Lussac ;  indeed  the  small  portion  of  nitrogen  cannot  be 
considered  as  an  essential  component.  Berzelius  has  given  the  follow- 
lowing  as  the  component  parts  of  starch. — Thomson's  Annals^  Vol.  v. 

Carbon 43.48t 

Oxygen 48.455 

Hydrogen 7.064 

100.000 

If  we  regard  the  amylate  of  lead  as  consisting  of  2  proportionals  of 
starch,  and  1  of  oxide  of  lead,  the  number  144.  will  be  the  equivalent 
of  starch,  the  constituents  of  which  may  be  thus  expressed  : 
10  Proportionals  of  carbon  .  •  6  X  10  =  60 .  .  42.2 

9 oxygen       8  X    9  =5  72 .  .  50.7 

10 hydrogen   1  X  10  =  lO.O.     7. 

142.   99.9 

These  numbers  closely  approximate  to  the  results  of  Gay-Lusaac  and 
Thenard's  analysis. 

1573.  When  starch  is  exposed  to  a  temperature  between  600^  and 
700^  it  swells,  and  exhales  a  peculiar  smell ;  it  becomes  of  a  brown  co- 
lour, and  in  thiat  state  is  employed  by  calico-printers  under  the  name 

of  British  gum.     It  is  soluble  in  cold  water,  and  does  not  form  a  blue  ^"^^  >""' 
compound  with  iodine.      Vauquelin  found  it  to  differ  from  gum  in 
affording  oxalic  instead  of  mucous  acid,  when  treated  with  nitric  acid. 

1574.  Proust  has  described  a  principle  in  barley,  to  which  he  has 
given  the  name  of  Hordein ;  it  appears,  however,  to  be  a  variety  of Hord«»n. 
starch,  and  can  scarcely  be  admitted  as  a  distinct  vegetable  principle. 

— AnncUes  de  Chimie  et  Phyt,  Tom.  v. 

1 575.  The  following  are  the  principal  varieties  of  starch  : 
i.  Arrow-  rooty  the  fecula  of  the  Marantha  Arundinacea. 

ii.  Potatoe  Starchy  obtained  by  reducing  potatoe  to  a  pulp,  and  wash- Varietici, 
ing  it  with  cold  water  upon  a  sieve ;  the  fecula  is  deposited  in  the  form 
of  a  fine  white  powder,  heavier  than  common  starch,  but  possessed  of 
its  essential  characters. 

iii.  Sago,  extracted  from  the  pith  of  several  species  of  palm,  growing 
in^the  East  India  islands. 

iv.  Tapioca  and  GcuMtva,  prepared  from  an  American  plants  the 
latropha  Manihat, 

y.  Salop^  obtained  from  the  roots  of  several  species  of  Orchis. 


Section  VI.     Gluten. 


157(3.  Gluten  may  be  obbiincd  from  wheat-flour,  by  forming  it  into 
A  paste  and  washing  it  under  a  small  stream  of  water.     Tlje  starch  is^'^*"<^t*^ 
llius  washed  away,  and  a  tough  cListic  substance  remains,  which  is 
gluten. 
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Its  colour  is  grey,  and,  whon  dricil,  it  becomes  brown  and  briille.  U 
Pfopeiiiri.     i»  nearly  insoluble  in  water  and  in  ether.     When  allowed  to  putrefy 
it  exhales  an  offensive  odour,  and  when  submitted  to  destructive  dis- 
tillation it  furnishes  ammonia,  a  circumstance  in  which  it  resembles  ani- 
mal products.     Most  of  the  acids  and  the  alcalis  dissolve  it. 
t»»riiy  ^^.iiii.k      1577.  Acted  upon  by  alcohol,  a  portion  of  gluten  is  dissolved,  and 
:'i « eg  o .     ^1^^^  solution,  after  having  remained  to  deposit  a  little  extraneous  matter, 
aflbrds,  on  evaporation,  a  peculiar  substance  of  a  yellowish  colour, 
brittle,  and  having  a  balsamic  isLnic.     The  undissolved  portion  of  the 
gluten  forms  soapy  compounds  with  the  alcalis,  and  instead  of  ferment- 
ing like  the  original  gluten,  cxliales  the  odour  of  putrid  urine.     Hence 
it  appears  ihat,  by  the  action  of  alcohol,  gluten  is  separated  into  two 
priiiriples,  the  one  soluble  and  the  other  insoluble  in  that  menstruum. 
M.  Taddci,  the  author  of  these  researches,  calls  the  former  Gliadini^ 
and  the  latter  Zimoma. — Giornale  di  Fuica,  ii.  p.  360. 

1578.  Gluten  is  an  essential  ingredient  in  wheat-flour,  and  contributes 
much  to  its  nutritive  quality ;  and  gives  considerable  tenacity  to  its 
paste. 

1679.  A  substance,  much  resembling  gluten,  has  been  found  in  the 
juices  of  certain  vegetables,  especially  in  those  which  are  milky  and 
coagulablc  by  acids.  It  is  contained  in  the  sap  of  the  honseleek,  of 
the  cabbage,  and  of  most  of  the  cruciform  plants.  Submitted  to  de- 
vrertabie  ai-structive  distillation,  it  affords  ammonia,  and  is  in  other  respects  similar 
bumen.  ^^  ^1^^  animal  principle,  cidled  albumen ;  hence  it  has  been  termed 
vegetable  albumen, 

1 580.  Caoutchouc  and  Bird-lime  may  also  be  considered  as  allied  to 
jtirj  rim",     gluten.     These  subsUmces  are  insoluble  in  water  and  in  alcohol,  but 

they  arc  soluble  in  pure  sulphuric  ether.  Caoutchouc  is  highly  in- 
flammable, burning  with  a  bright  flame  which  throws  off  much  char- 
coal. When  heated  it  Fodens,  and  is  in  that  state  soluble  in  some  of 
the  fixed  oii:«.  It  is  said  to  dissolve  easily  in  oil  of  cajeput.  These 
solutions  arc  sometimes  used  as  varnishes,  but  with  the  exception  of 
that  in  etiicr,  they  remain  clammy. 

158 1 .  The  principles  which  have  now  been  adverted  to,  rir.,  sugar, 
starch,  gum  or  muciLigc,  and  gluten,  constitute  the  principal  nutritive 
ingredients  in  most  of  the  esculent  vegetables.  Wheat  grown  in  this 
country  contains  from  18  to  2A  per  cent,  of  gluten,  the  remainder  being 
principally  starch.  The  wheat  of  the  south  of  Europe  genendly  con- 
tains a  larger  quantity  of  gluten,  and  is  therefore  more  excellent  for 
the  manufacture  of  macaroni,  vermicelli,  and  other  preparations  re- 
quirinj:  a  glutinous  paste.  The  excess  of  gluten  in  wheat-flour  com- 
pared with  other  grain,  renders  it  peculiarly  fit  for  making  bread  ;  for 
the  carbonic  acid,  extricated  during  the  fermentation  of  the  piL«tc,  is 
retained  in  consequence  of  its  adhei^iveness,  and  forms  a  spongy  and 
light  lo»r 

A  linndred  parts  of  barley  contain  upon  an  nvcn^  80  parts  of  starch, 
G  of  }i;luton,  and  7  of  sugar,  the  remaining  7  parulioing  husk. 

From  100  parts  of  rye  Sir  Humphry  Davy  obtained  t>l  parts  ofs^tarrh 
.mil  5  of  gluten. 

From  100  parts  of  oats  he  procured  59  ofstarch,  6  of  gluten,  and  C 
ofsiigar. 

100  parts  of  pease  afforded  about  .50  of  starch.  3  of  sugnr.  1  of  glu- 
Trn.  am!  a  small  portion  of  extractive  matter. 


100  ports  of  potatoe  yield,  upon  an  average,  SO  parts  of  starch ;  they 
may  be  considered  in  geoeral  as  contaiaiDg  from  ooe-lburth  to  ooe-Mh 
of  their  weight  of  nutritive  matter. 

The  turoip,  carrot,  and  parsnip,  chiefly  contain  sugar  and  mucilage  ; 
1000  part!  of  common  turnips  give  about  34  of  sugar,  and  7  of  muci- 
lage ;  1000  parts  of  carrots  furnish  about  96  of  sugar,  and  3  of  muci- 
lage ;  and  Ibe  same  quantity  of  parenips  aflonl  90  of  sugar  and  9  of 
mucilage.  The  loss  of  weight  in  the  above  cases  is  referable  lo  water, 
and  inert  vegetable  matter  possessed  of  the  properties  of  woody  £Ure. 
(&e  At  Table  at  tht  tnd  of&dion  iviii. 


H*  Section  VII.     Extractive  Malter  and  Lignin. 

I58S.  Bv  the  term  fxtrnef,  or  ez(rac(ice/irincip/e,  we  mean  a  substance 
contained  in  the  greater  number  of  vegetables,  and  generally  forming 
the  principal  ingredient  in  the  pharmaceutical  preparations  colled  ex- 
tract). It  possesses  the  following  properties.  It  is  soluble  in  water,  Prepifiio. 
and  the  solution  is  of  a  brown  colour.  It  is  insoluble  in  ether,  but  it 
la  soluble  in  alcohol  containing  a  small  portion  of  water.  By  repeated 
■oltilions  and  evaporations  it  may  be  rendered  scarcely  ioluble  in  na- 
ler.  Solutions  of  chlorine,  of  many  of  the  acids,  and  of  most  of  the 
metallic  oxides,  occasion  precipitates  in  the  aqueous  solution  of  ex- 
Iractive. 

1583,  The  following  substances  maybe  considered  under  this  bead, 
though  many  of  them  nre  obviously  widely  different  from  extractive 
matter. 

1584.  Ulmin.  This  substance  was  first  noticed  by  Klaproth,  spon- 
taneously exuding  from  the  elm.  From  the  observations  of  Berzelius, 
it  exists  in  the  bark  of  many  other  trees,  and  may  be  obtained  by  di- 
gestion in  alcohol  and  cold  water  ;  the  action  of  hot  water  aHerwards 
dissolves  the  utmin. — Trohson's  Annati,  Vol.  ii. 

Ulmin  is  of  a  dark  brown  colour,  with  scarcely  any  taste  or  smell. 
It  is  sparingly  soluble  in  water  and  in  alcohol,  but  readily  soluble  in  a 
weak  solution  of  carbonate  of  polassa.  Very  few  of  the  metuJlic  salts 
occasion  a  precipitate  in  its  solution.  The  exudation  from  the  elm  is 
generally  combined  with  carbonate  of  potassa,  and  is  therefore  readijj 
soluble  in  water. 

1685.  Polyehroile.  This  term  has  been  applied  to  the  extract  of  saf- 
fron (jinna/ej  rfe  Chim.  Tom.  Ixxx.)  It  is  of  a  deep  yellow  colour,  deh- 
quescent,  readily  soluble  in  water  and  in  alcohol,  but  insoluble  in  pure 
sulphuric  ether.  Exposure  to  the  solar  rays  soon  destroys  (be  colour 
of  its  aqueous  solution.  Sulphuric  acid  renders  it  blue,  and  nitric  acid 
green  :  solutions  of  lime  and  baryta  produce  yellow  and  red  precipi- 
tates ;  subaceiate  of  lead  throws  down  a  deep  yellow  precipitate,  and 
nitrate  of  mercury  separates  a  red  powder. 

1686.  Hematin.  This  peculiar  substance  was  first  recognised  by 
Chevreul  in  the  colouring  matter  of /o^-wooii  {Ann.  dc  Chim.  Tom. 
bxxi.)  It  may  be  obtained  by  digesting  logwood  in  water  of  the  tem- 
perature of  135°.     Filter,  evaporate  carefully  to  drvnOM,  anil  digett 
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the  residue  for  24  hours  in  alcohol  of  the  specific  grayity  of  .837. 
Filter  the  alcohol ;  concentrate  the  solution  hy  evaporation,  add  a  por- 
tion of  water,  evaporate  a  little  further,  and  set  the  solution  aaule  : 
crystals  are  deposited  which,  when  washed  with  alcohol  and  dried,  are 
pure  hematin. 

Hematin  is  of  a  reddish  colour ;  its  taste  is  somewhat  hitter,  and  its 
aqueous  solution  is  yellow  when  cold,  hut  orange-red  at  the  tempera? 
ture  of  boiling-water.  Sulphuric  acid  added  to  this  solution  renders  it 
reddish  yellow.     The  alcalis  give  it  a  purplish  tint. 

1687.  Bitter  principle.  By  evaporating  an  infusion  of  quassia,  a  sub- 
stance is  obtained  of  an  intensely  bitter  taste,  and  of  a  brownish  yel- 
low colour,  which  is  readily  soluble  in  water  and  in  alcohol.  Nitrate 
of  silver,  and  acetate  of  lead,  are  the  only  precipitants  of  its  aqueous 
solution.  It  is  probable  that  the  same  substance  exists  in  other  bitter 
vegetables,  and  Vauquelin  has  discovered  it  in  the  fruit  of  the  eoloeyf^^ 
and  in  the  root  of  white  briony. — Thomson's  Syttemy  Vol.  iv. 

1588.  By  digesting  indigo,  silk,  and  a  few  other  substances  in  nitric 
acid,  an  intensely -bitter  matter  is  formed,  called  by  Welther  the  yelhsf 
hitter  principle  {^Annates  de  Chim.  Tom.  xxix.)  Chevreul  has  render- 
ed it  probable  that  this  is  a  compound  of  a  peculiar  vegetable  princi- 
ple with  nitric. acid.  It  is  crystalhzable,  bums  like  gunpowder  and 
detonates  when  struck  with  a  hammer. 

1589.  Picrotoxin,  This  is  a  bitter  poisonous  substance  contained  in 
the  Cocculus  Indicui,  It  may  be  obtained  by  the  following  process : — 
Add  acetate  of  lead  to  a  decoction  of  the  berries,  as  long  as  any  preci- 
pitate falls  :  filter,  evaporate,  and  digest  the  extract  in  highly- rectified 
alcohol ;  evaporate  to  dryness,  and  agiUite  the  remaining  matter  with  a 
little  water ;  the  picrotoxin  remains  in  the  form  of  white  prismatic  crys- 
tals of  a  bitter  taste. 

1590.  Picrotoxin  is  difficultly  soluble  in  water.  Alcohol  of  the  spe- 
cific gravity  of  810,  dissolves  one-third  its  weight.  It  is  soluble  in 
weak  solutions  of  the  pure  alcalis.  It  combines  with  the  acids,  and 
forms  compounds,  some  of  which  arc  crystallizable,  but  they  require 
further  examination  before  we  can  venture  to  give  this  substance  a 
place  among  the  narcotic  salifiable  bases. — Boullay,  Journal  de 
Pharmacie.  v. 

1591.  Nicotin,  This  is  a  principle  existing  in  tobacco.  It  was  ob- 
tained by  Vauqelin  by  the  following  process  (Ann  de  Chim.  Ixxi.)  : 
Evaporate  the  expressed  juice  to  one-fourth  its  bulk  ;  and,  when  cold, 
strain  it  through  fine  linen  ;  evaporate  nearly  to  dryness  ;  digest  the  re- 
sidue in  alcohol ;  filter  and  evaporate  to  dryness  ;  dissolve  this  again 
in  alcohol,  and  again  reduce  it  to  a  dry  state.  Dissolve  the  residue  in 
water,  and  saturate  the  acid  which  it  contains  with  weak  solution  of  po- 
tassa,  introduce  the  wholfe  into  a  retort,  and  distil  to  dryness  ;  re-dis- 
solve, and  again  distil  three  or  four  times  successively.  The  nicotin 
will  thus  pass  into  the  receiver,  dissolved  in  water,  from  which  solution 
it  may  be  obtained  by  very  gradual  evaporation. 

Nicotin  is  colourless,  acrid,  soluble  in  water  and  in  alcohol,  volatile, 
and  highly  poisonous. 

1592.  Asparagin. — MM.  Vauquelin  and  Robiquet  obtained  this  sub- 
stance in  a  crystalline  form  by  evaporating  the  juice  of  asparagus.  It 
has  a  cool  and  slightly  nauseous  taste,  and  when  burned  emits  acrid  va- 
pours, and  leaves  no  traces  of  alcali. — Annales  de  Chimie,  Tom.  if. 


t593.  Funi'iii.  Thia  name  lias  been  given  by  Graconnot  to  a  sub- 
■tance  contained  in  the  fleshy  p;irt  of  muahrDOins  (.4hi:.  dc  Ckim.  Iixix.) 

It  is  insoluble  in  water  and  Id  alcoliol,  and  Ecui'ccly  acted  upon  by  the 
alcaliB,  or  by  dilute  acids.  It  19  the  substance  which  remains  aAcr  the 
mushroom  has  beeu  deprived  of  every  thing  soluble  in  alcohol  and  in 
water. 

1594.  tnulin.  The  roots  of  elecninpane,  when  boiled  in  water,  fur- 
nish a  decoction,  which,  on  cooling,  deposits  a  white  powder,  io  many 
respects  resembling  starch.  It,  however,  differs  in  several  proper- 
ties from  that  principle,  and  has  hence  been  considered  a  peculiar  re- 
getable  substance. — Thomsoh's  Sytlem,  Vol.  iv, 

1595.  Emttin.  To  obtain  emctin,  digest  powdered  ipecacuanha  in 
alcohol,  filter,  evaporate  carefully  to  dryness,  nnd  re-diaaolve  in  cold 
water.  To  this  solution  add  carbonate  of  baryta,  tiller,  imd  again  eva- 
|K)rate  to  dryness  ;  digest  this  residuum  in  alcohol,  and  a  solution  is  ob- 
lained,  which  by  careful  evaporation,  affords  a  rcddiah-browa  substance, 
soluble  in  alcohol  and  in  water,  and  precipitable  bysub-acetate  of  lead  ; 
its  taste  is  acrid  and  bitter,  and  it  is  highly  emetic. — MM.  Maugndie 
and  Pelletier,  Jinnatesde  CMmie  et  Pkytiqiie,  Vol.  iv. 

1596.  Woody  ^fibre.  The  term /ignt'n  has  been  applied  to  the  fibrous 
substance  which  remains,  af^er  digesting  wood  in  water  and  in  alcohol. 
It  is  insipid,  and  exposed  to  destructive  distillation,  affords  a  considera- 
ble quantity  of  vinegar  tainted  by  empyreumatic  oil,  and  contaming  a 
little  ammonia.  The  charcoal  which  remains  is  light,  brittle,  shining, 
and  easily  incinerated.  The  relative  quantity,  yielded  by  different 
woods,  has  already  been  adverted  to  (3S6.) 

1597.  We  are  indebted  to  M.  Braconnot  for  some  highly  interesting 
eiperiments,  relating  to  the  action  of  sulphuric  acid  on  wood  [Jinn,  dc 
Chim.  et  Phys.  xii.  172.)  In  the  course  of  these  researches,  he  tritu- 
rated S5  parts  of  hempen  cloth  with  34  of  the  acid  ;  it  acquired  the 
consistency  of  mucilage,  which,  afler  24  hours,  was  almost  entirely 
soluble  in  water.  The  diluted  liquor  was  saturated  with  chalk,  fil- 
tered, and  evaporated  to  the  consistency  of  syrup  ;  it  deposited  sul- 
phate of  lime,  and  was  then  further  evaporated  to  dryness,  when  a 
subataocchavingthe  characters  of  gum,  was  obtained.  In  another  ex- 
periment, 34  parts  of  Ugnin  were  reduced  to  gum  by  34  of  sulphuric 
acid  ;  this  acid  mixture,  diluted  with  water,  and  boiled  for  10  hours, 
became  sweet  j  the  acid  was  then  separated  by  chalk,  and  the  Lquor, 
on  due  evaporation,  afforded  a  crystallizable  sugar. 

Moistened  saw-dust,  healed  in  a  platinum  crucible  with  its  weight  of 
caustic  potassa,  afforded  a  matter  soluble  in  water,  and  which,  upon  the 
addition  of  an  acid  to  neutralize  the  alcali,  yielded  a  substance  having 
the  properties  of  u/min. 

1598.  Suber  or  Cork.  This  is  a  light,  sofl,  elastic,  and  combustible 
substance,  burning  with  a  bright  flame  and  leaving  a  bulky  charcoal. 
Its  principal  peculiarity  is,  that  by  digestion  in  nitric  acid,  it  is  con- 
verted into  an  orange -coloured  mass,  which  furnishes  to  water  a  pecu- 
liar acid  matter,  which  has  been  termed  iu6cric  aeid.  Chevreul  has 
found  in  it  resin,  oil,  and  a  peculiar  matter  which  he  calls  Cerin. — See 
Wax  (1G22.) 

1599.  Cotton  is  a  downy  substance  found  in  the  seed-pods  of  the 
different  species  of  gossypivm.  It  is  insoluble  in  water  and  in  dilate 
alcalinc  and  acid  tolutions.     It  combines  with  several  of  the  metallitflj 


ry« 


trt  iof  4||r*HW*    Acetate  «f  •tanuiB  k  prindpiU J  eQ9ioy<8d  i^ 
porpoM.       .  ^      = 

leOOi  ^Jlfwhnw  ia  %ttm  gtfen  bj  Dr.  John  to  the  pifb  of  tht: 
flowor  wdaoae  othtt  alanla ;  it  kiMind,  inodoroiM,  inaolvble  iai  waMr 
and  alcohol,  and  afforda  oulie  acid  wken  treated  bj  nitric  wM ;  i 
tttttled  to  daatnKtive  dktillalioa,  the  products  aboand  in  auDoaia. 


Sbctioh  VIII.    Tanata. 

1601  •  Tamiit,  or  the  aatringent  principle,  ia  contained  in  manj  Te* 

f!,ii^^^    getaUei.    It  may  be  procured  bj  di^estiqf  bruised  pll*niita,  gnpe* 

aeeds,  oak-bark,  or  ca^bu,  in  a  small  quantity  of  cdld  watier.-    1m 

solution  affords,  when  evaporated,  a  substance  of  a  brownisli*nHeiv 

colour,  eitremely  astringent,  and  soluble  in  water  end  in  tkcokA 

The  purest  fonn  of  tannin  appears  to  be  that  derived  fron  biaiiiJ 
grapo'^eeds,  but  even  here  it  is  combined  with  other  substances,  fivaa 
which  it  IB  perhaps  scarcely  separable,  and  among  the  numerous  pro* 
cesses  which  have  been  devised  fi>r  procuring  pure  tannin,  there  k 
^  none  that  answers  the  intended  purpose.  I  hKve  never  been  aUe  to 
obtain  it  of  greater  apparent  purity  than  by  digesting  powdered  catechu 
in  water  at  33^  or  34^,  filtering  and  boiling  the  solution,  whicli,  on 
cooling,  becomes  slightly  turbid,  and  is  to  be  filtered,  ifgain,  and  eva- 
porated to  di^ess ;  cold  water,  applied  as  bdbre,  extracts  nearly 
pure  tannin. 
^iroiectiM.  1602.  The  most  distinctive  character  of  tanhin  is  that  of  afibrding 
an  insoluble  precipitate  when  added  to  a  solution  of  isinglass,  or  any 
other  animal  jelly.  Upon  this  property  the  art  of  tanning  depends, 
for  which  oak-bark  is  generally  employed ;  the  barks,  however,  of 
many  other  trees  may  occasionally  be  substituted.  The  foUowiqg 
Table,  drawn  up  by  Sir  Humphry  Davy,  exhibits  the  ayenge  quantity 
of  tan  contained  in  480  lbs.  of  different  barks: — Agricuiiurai  Cketmitr^, 
4to.  p.  79. 

lU. 

Avenge  of  entire  baxk  of  middle-nxed  Otk,  cut  in  spring 8S 

•^— — — of  Spanish  Cbettmit M 

'           —                             of  Leicester  Wiltoir,  leige  sixe 33 

* — • of  Elm 13 

—— — of  Commoo  Willow,  large II 

— ' of  Ash 16 

■ of  Beech 10 

— — of  Hone  Chestnut 9 

'                                          of  Sjcamore 11 

■                     of  Lombard  J  Bcmlar .  15 

■           —  of  Birch S 

— of  Haiel 14 

'                          — of  Black  Thorn 16 

■  '         '  '       ■  ■   <    of  CoapiceOak •  .  .  .    3t 

— '  of  Oak  cut  in  antmnn SI 

■  — ■ of  Larch  cot  in  autumn 8 

White  interiorcoilkallaTen  of  Oak-bark 72 

1603.  Tan  forms  a  precipitate  witb  solution  of  starch,  with  ^uten 
and  aUNmen,  and  with  manj  of  the  metalUc  oiifdes.    An  account  of  the 
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precipitates  tbrmeil  in  metallic  solutions  by  iofusion  of  gftll«,  will  beMeuiiie 
tbuml  under  the  article  Gallic  Jleid  (17e&)  but  these  precipitates  are'^"' 
rery  complex,  and  rnry  in  compoiition. 

1604.  If  theeolution  of  tan,  obtained  as  a  bore -described  from  cate- 
chu, be  added  to  acetate  of  lend,  an  insoluble  taitnate  of  Itad  falls, 
composed,  according  to  Berzelius,  of  100  tannin  +  52  oxide  of  lead. 
Now,  if  we  euppose  that  tannin  forms  definite  compounds  with  the  me- 
tallic oxides,  in  the  manner  of  a  vegetable  acid,  the  number  215.3  trill 
be  its  representative,  afi  deduced  from  the  above  datum. 

1605.  Mr.  Hatchetthas  shown  that  tan  may  be  formed  artificially  by  ahiGch 
digesting  charcoal  in  dilute  nitric  acid  during  several  days  ;  it  is  at"'"' 
length  dissolved,  and  a  reddish  brown  liquor  is  obtained,  which  fur- 
nishes, by  careful  evaporation,  a  brown  glossy  substance,  amounting  to 
about  120  parts  from  100  of  charcoal. 

This  arlijieial  tannin  appears  to  differ  in  one  circumstance  only  from 
natural  tannin,  which  is,  that  it  resists  the  action  of  nitric  acid,  by 
which  all  the  varieties  of  natural  tannin  are  decomposed,  though  some 
are  more  capable  of  resisting  its  action  than  others. 

Artificial  tannin  has  a  bitterish  astringent  taste,  is  soluble  in  water  and' 
alcohol,  and  forms  an  insoluble  precipitate  in  solutions  of  animal  gela- 
tine, the  precipitate  consisting,  according  to  Mr.  Hatchett,  of 
I     I  36  Tannin. 
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Muriatic  and  sulphuric  acids  occasion  brown  precipitates,  in  solution  ^^'^oai 
of  artificial  tan,  which  are  soluble  in  hot  water.     It  combines  with  the'"  ' 
alcalis,  and  forms  a  precipitate  of  difficult  solubility  in  aqueous  solu- 
tions of  lime,  baryta,  &nd  strontia,  and  in  most  metallic  solutions  ;  these 
precipitates  are  of  a  brown  colour, 

1606.  A  variety  of  artificial  tan  is  formed  by  digesting  camphor  and 
resins  in  sulphuric  acid  till  the  liquor  becomes  black,  and  on  being 
poured  into  water,  deposits  a  black  powder,  which,  by  digestion  in  al- 
cohol, furnishes  a  brown  matter,  soluble  in  water,  and  formii>g  an  in- 
soluble precipitate  with  gelatine. — HxTCUETT,  Phil.  Tratu.  1806,  ISOti. 


Section  IX.     Cotouring  Matter. 

1607.  The  colouring  matter  of  vegetables  appears  to  reside  in  se- 
veral of  their  principles,  and  is  therefore  very  differently  acted  on  by 
solvents,  its  extraction,  and  transfer  I*  different  subsUnces,  consti- 
tutes the  art  of  Dyting. 

1608.  Different  materials  not  only  possess  very  different  attractions 
for  dye  stuffs,  but  they  abHorb  the  colouring  matter  in  very  different 
proportions.  iVool  appears  in  this  respect  to  have  the  strongest  at- 
traction for  colouring  substances  :  silk  comes  next  to  it ;  then  cotton  ; 
iind,  lastly,  hemp  and  flax. 

1609.  Colours  have  been  divided  by  Dr.  Bancroff.  in  his  work  on 
permanml  (."olotirs.  into  subttaativt  and  adjrctive.     The  former  commu- 
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nicale  coloar  widumt  the  intetTeiitioii  of  «i^  ether  rahrttnce.  They 
ha? e  an  attraction  fer  the  fibre  of  doth  or  hnen,  and  are  pemmctttly 
retained*  The  latter  reqnire  the  intervention  of  some  bwf ,  poaeew 
ed  of  a  joint  attraction  fa  the  colooring  material  and  atnff  to  be  djed. 
The  substance  capable  of  thus  fixing  t^  coloar,  has  been  cdled  a  ka^ 
m,  or  morda$U. 

1610.  The  mordants  most  frequently  employed  are  ae€taU  rf  jo/a- 
fiMfia,  vlfihaU  or  acetate  of  inm^  and  muriate  of  tin.  The  subatance  to 
be  djed  is  first  impregnated  with  the  mordant,  and  then  passed  through 
a  solution  of  the  colouring  matter,  which  is  thus  fixed  in  the  fibre,  and 
its  tint  is  either  modified  or  exalted  by  the  operation. 

The  following  are  the  modes  of  pnMlucing  some  of  the  principal  co- 
lours: 

1611.  Black  is  produced  by  astringents  and  salts  of  iron,  and  if  in- 
tended to  be  deep  and  perfect,  the  doth  should  previously  be  dyed 
blue  with  indigo.  The  stuff  is  first  soaked  in  a  bath  of  galb,  then  lin- 
ced,  and  passed  repeatedly  through  a  solution  of  sulphate  of  iron  in  in- 
fusion of  logwood ;  exposure  to  air  deepens  the  colour,  which  at  fint 
has  a  purpliiii  tint.  Logwood  tendii  considerably  to  improve  dM  Uaek, 
and  prevents  its  acquiring  a  rusty  or  brown  hue.  Sometimea  madder 
is  used  for  the  same  purpose.  Sillc  is  dyed  black  nearly  in  the  same 
way,  but  it  requires  a  much  larger  relative  proportion  of  galls,  and  the 
operation  must  be  frequently  related.  It  is  difficult  to  give  a  good 
and  permanent  black  to  calico ;  m  this  process,  acetate  of  iron,  galls, 
and  madder  are  generally  used,  and  the  colour  is  rendered  more  dura- 
ble by  previously  steeping  the  goods  in  a  weak  solution  of  g^ue. 

o»f»  Chiy  is  produced  by  the  same  operations  as  black,  but  the  materials 

are  used  in  a  very  dilute  state. 

Mm.  1612.  Blue  is  chiefly  derived  from  indigo^  a  substance  produced  bjr 

fermentii^  the  leaves  of  several  species  of  the  indigofera^  a  plant 
abundantly  cultivated  in  South  America  and  in  the  East  indies. 

t>^*  1613.  Indigo  is  a  substance  of  a  deep  blue  colour,  containing  about 

50  per  cent,  of  pure  colouring  matter,  which  is  perfectly  insoluble  in 
water ;  when  heated  it  sublimes  in  the  form  of  a  blue  smoke,  which  on 
condensation,  forms  acicular  crystals.  It  is  soluble  in  concentrated 
sulphuric  acid.  This  solution  is  usually  called  Saxon  or  liquid  blue^  and 
is  used  as  a  substantive  colour  for  dyeing  cloth  and  silk.  Subst^ces 
Which  powerfully  attract  oxygen  render  indigo  green,  and  by  exposure 
to  air,  it  again  acquires  a  blue  colour.  In  tlus  green  state  indigo  is  so- 
luble in  the  alcalis,  and  the  solution  is  commonly  employed  for  dyeing 
calico.  A  bath  for  this  purpose  may  be  made  by  mixing  one  part  of 
indigo,  two  parts  of  sulphate  of  iron,  and  two  of  lime,  in  a  sufficient 
quantity  of  water :  in  tins  case  the  sulphate  of  iron  is  decomposed  by 
a  portion  of  the  lime.  The  protoxide  of  iron  thus  produced  becomes 
peroxidized  at  the  expense  of  the  indigo,  which  is  rendered  green  and 
soluble  in  the  alcaline  liquor ;  cotton  steeped  in  this  solution  acquires 
a  green  colour,  which  by  exposure  to  air,  and  washing  in  water  acidu- 
lated with  sulphuric  acid,  becomes  a  permanent  blue. 

A  little  iron. or  zinc  thrown  into  diluted  sulphate  of  indigo,  changes 
or  destroys  the  colour  in  consequence  of  the  evolution  of  hydrogen ; 
the  colour  is  also  quickly  impaired  and  destroyed  by  chlorine. 

1614.  The  analysis  of  indigo,  to  ascertain  the  proportion  of  colour- 
ing matter,  which  varies  much  in  different  samples,  may  be  per- 


formeJ  by  the  suceeMive  action  of  trater,  alcohol,  and  muriatic  acid 
(CMEvnEUL,  Ann.  dc  Chim.  Ixvi.  20.)     JOO  paita  of  Guulimala  indigo, 

ihiiB  treated,  ufTorded 


leiB.  The  action  of  nitric  acid  on  indigo  has  been  particularly  exa- 
mined by  Mr.  H*tchett  (Ad.lilimal  ExperimeaU  on  Ariifidul  Tan- 
ntn,  Phil.  Trans.  1805.)  This  acid,  diluted  with  iiboiit  two  pnrts  of 
water,  produces  much  efferveBceuce  when  poured  on  powdered  indigo, 
and  gradually  dissolves  it ;  the  solution,  eyaporaled  to  dryness,  leaves 
a  yellow  residue,  soluble  in  water,  of  an  intensely  bitter  tiiale,  and 
composed  partly  of  artificial  Tannin,  and  partly  of  a  peculiar  biUtr 
principle  combined  with  ammonia, 

1616.  Yetliyar.  There  are  several  dye  stuffs  employed  in  the  produc-^'i'' 
tion  of  yellows.     A  decoction  of  Weld  (Reseda  Luieola.)  with  an  alu- 
minous mordant  pves  a  good  yellow,  which  is  rendered  more  brilliant 
by  tartar,  and  by  permurinte  of  tin. 

The  bark  of  the  American  oak  (QuercuJ  ^/'igra,)  or  QutrciVron  hark, 
also  furnishes  excelteot  yellows  ;  it  was  tir»t  introduced  into  England 
by  Dr.  Bancroft,  who  has  fully  and  philosophically  detailed  its  various 
applications  (Experimental  Rtieareha  concerning  the  Pkilotophy  of  Per- 
manent Colovri,  Sic.,  London,  1813.)  The  saJts  of  alumina  and  of  tin 
«re  the  principal  mordants  employed  both  with  wool  and  cotton. 

Fuiiic  wood,  sumach,  and  dytri'  broom,  are  also  occasionally  employ- 
ed as  sources  of  yellow  colours. 

1617.  Red*  are  chiefly  produced  {rom  madder,  the  prepared  root  ofa'Bi 
the  Rubia  Tinclorunt.  The  colouring  matter  is  fixed  by  an  aluminous 
mordant,  assisted  by  galls,  but  the  process  is  very  complex  and  circui- 
tous. In  Dr.  Bancroll's  work  above  quoted  (Vol.  ii.)  are  full  details 
upon  this  subject ;  and  a  perspicuous  abstract  of  them  will  be  found  tn 
AlKin'a  Diclionary,  Art.  DvEino. 

Brazil  wood,  laffiower,  and  logwood  are  occasionally  employed  as  red 
or  pink  dye  stufls,  but  they  only  give  fugitive  colours. 

1618.  Scarlet  is  produced  exclusively  with  Ihe  colouring  matter  ofscwi 
the  cochineal,  a  small  insect  brought  from  Mexico,  where  it  is  found 
upoo  different  species  of  the  Opuntia.  The  nature  of  this  colouring 
matter  has  been  investigated  by  MM.  Pelletier  and  Caventou  i  it  is 
united  in  the  insect  with  a  peculiar  animal  matter,  fat,  and  aome  saUne 
substances  ;  they  separated  it  by  exposing  a  strong  alcoholic  tincture  of 
cochineal  to  spontaneous  evaporation  ;  it  deposited  a  crystalline  mat- 
ter, which  was  re-dissolved  in  alcohol  and  the  solution  mixed  with  its 
bulk  of  sulphuric  ether  ;  this  caused  it  in  a  fen  days  to  deposit  the. 
pure  coluuriug  principle,  which  they  call  Oirfninium  ;  Dr.  John  ha* 
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proposed  for  it  the  term  Coceinellin.  This  saLstance  ii  fusiUe  it 
about  120^,  very  solable  in  water,  leas  so  in  alcohol,  and  insolnlrfe  m 
ether  ;  the  acids  change  its  colour  from  purple  to  pale  red  or  yellow : 
the  alcalis  render  it  violet ;  and  its  colour  is  impaired  by  moat  saline 
solutions.  It  readily  combines  with  alumina,  forming  a  beautiful  kJU 
or  carmine. 

The  colouring  matter  of  cochineal  is  fixed  upon  wool  by  nitromuri- 
ate  of  tin  and  tartar,  by  which  scarlets  are  produced,  and  alum  changet 
the  scarlet  to  crimson.  Cotton  and  linen  are  very  rarely  dyed  with 
cochineal,  for  independent  of  its  great  expense  the  colours  are  little 
superior  to  those  given  by  madder. 

1619.  B^  and  Faivn  CJolour  are  produced  in  a  variety  of  wayi. 
Wcdnut'husks  and  Sumach^  with  alum  mordants,  give  durable  colours  of 
this  description,  which  are  rendered  Drah^  or  Grey,  by  a  very  little 
iron. 
Qreea.  1620.  Green  is  obtained  on  woollen  cloth,  by  passing  it  through  the 

green  indigo  vat,  and  then  dyeing  it  as  for  simple  yellows,  Ae  rela* 
tive  proportion  of  the  blue  and  yellow  being  adjusted  to  the  intended 
intensity  of  the  green.  Silk  is  first  dyed  yeUow,  and  afterwaidaUoed 
with  indigo.  Saxon  green  is  done  by  dyeing  yellow  upon  a  Saxon  Uoe 
ground.  A  solution  of  verdigris  in  vinegar  is  sometimes  used  to  pnn 
duce  a  delicate  green :  pearlash  is  added  before  it  is  used,  and  the 
cotton  previously  impregnated  with  the  alum  mordant,  is  then  pmcd 
through  the  mixture. 

Besides  the  above,  an  infinite  variety  oi  compound  colaurt  are  foimr 
ed,  by  mixtures  of  the  simpler  tints,  and  of  the  mordants ;  but  at  by 
object  is  merely  to  give  a  general  idea  of  the  principles  of  the  art  of 
dyeing,  I  must  refer  the  reader  for  practical  details  to  the  works  ex- 
pressly upon  the  subject,  and  more  especially  to  Dr.  Bancroft's  Trea^ 
Use  already  quoted. 
r»i[ieo-prutr       1621.  Calico-printing  is  a  more  refined  and  difficult  branch  of  the 
art  of  dyeing.     In  this  process  adjective  colours  are  almost  always 
employed.     The  mordants,  the  principal  of  which  are  acetate  of  alu- 
mina, and  acetate  of  iron,  arc  first  applied  to  the  calico  by  means  of 
wooden  blocks  or  copper  plates,  upon  which  the  requisite  patterns  are 
engraved.     The  stuff  is  then  passed  through  the  colouring  bath,  and 
afterwards  exposed  on  the  bleaching  ground,  or  washed.     The  colour 
flies  from  those  parts  which  have  not  received  the  mordant,  and  is  per* 
manently  retained  on  those  parts  only  to  which  the  basis  has  been  ap- 
pUed  :  variety  of  colours  is  produced  by  employing  various  mordants, 
and  different  colouring  materials. 

White  spots  upon  a  dark  ground  are  sometimes  produced  by  cover- 
ing the  parts  with  wax,  pipe-clay,  or  other  materials,  which  prevent 
the  contact  of  the  colour  ;  or  citric  acid,  thickened  with  gum,  is  ap- 
plied like  a  mordant  with  the  block  or  plate,  which  prevents  the  re- 
tention of  the  colour.  Sometimes  the  colour  is  discharged  in  places 
hj  the  application  of  chlorine. 
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Section  X.     Wax, 

1622.  This  ptinciple  exists  io  many  plants  ;  it  may  be  obtained  by  Sxtnsiioi; 
bruising  and  boiling  them  in  water  :  the  wax  separates  and  concretes 

on  cooling. 

The  berries  of  the  Mytica  cerifera^  and  the  leaves  and  stem  of  th^ 
Ceroxylon  afford  considerable  quantities  of  wax  by  this  process  (Bos- 
TOCK,  Nicholson's  Journal^  Vol.  iv.,  Brande.  PhiL  Trans.  1811.) 
The  glossy  varnish  upon  the  upper  surface  of  the  leaves  of  many 
trees  in  of  a  similar  nature,  and  though  there  are  shades  of  difference^ 
these  varieties  of  wax  possess  the  essential  properties  of  that  formed 
by  the  bee. 

1623.  Pure  wax  is  colourless,  and  insipiJ  •,  its  specific  gravity  isPrapwtief. 
about  .96 :  it  is  insoluble  in  water,  and  fusible  ai  a  temperature  of 
about  150<^ ;  at  a  higher  temperature  it  is  converted  into  vapour,  and 

at  a  red  heat  it  bums  in  the  contact  of  air  with  a  bright  flame.  It  is 
sparingly  soluble  in  boiling  alcohol  and  ether,  and  is  deposited  as  the 
solutions  cool.  The  fixed  oils,  when  assisted  by  heat,  readily  dissolve 
it,  and  form  a  compound  of  variable  consistency,  which  is  the  basis  ofccmitt. 
cerates  and  ointments.  Some  of  the  volatile  oils  also  dissdlve  wax, 
when  aided  by  heat.  It  is  soluble  in  the  fixed  alcalis,  forming  soapy 
compounds  ;  but  the  adds  scarcely  act  upon  it ;  hence  the  advantage 
of  wax'lute,  for  the  retention  of  corrosive  vapours. 

1624.  When  bees'-wax,  or  myrtle-wax,  are  digested  in  boiling  alco- 
bol,  they  afford,  according  to  Dr.  John,  a  soluble  and  insoluble  portion ; 

he  has  called  the  former  cerin^  the  latter  myricin,     Cerin  is  insoluble  Ccna. 
in  water  and  m  cold  alcohol  and  ether,  but  dissolves  in  those  liquids 
when  heated.     Myricin  is  insoluble,  under  all  circumstances,  in  alco-Mj^icUk 
hoi  and  ether. 

The  term  cerine  has  been  applied  by  Chevreul  to  a  principle  resem- 
bling wax,  which  he  separated  from  cork  ;  it  is  less  fusible  than  wax, 
more  soluble  in  alcohol,  and  partly  converted  into  oxalic  acid,  by  the 
action  of  nitric  acid  (1598). 

1625.  According  to  Gay-Lussac  and  Thenard,  100  parts  of  wax  con- 
sist of  81.79  carbon,  6.30  of  the  elements  of  water,  and  11.91  of  ex- 
cess of  hydrogen ;  these  numbers  may  be  considered  as  equivalent  to 

1  rroportional  of  oxygen =       8  .  .     6.48 

20         „         „       carbon        6  X  20  =  120  .  .     82.2 
18         „        „       hydrogen    1  x  18  =     18. .  .  12.32 
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Section  XI.    Fixed  Oil. 

1 626.  Fixed  Oil  is  generally  obtained  by  pressure  from  certain  seeds,  E^iMtM 
such  as  the  almond,  linseed,  and  many  others^  and  from  the  olive.     The 
specific  gravity  of  the  fixed  oib,  is  usually  a  little  below  that  of  water. 
They  are  viscidi ;  insipid,  or  nearly  so  ;  and  (enerally  congeal  at  a 
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temperature  not  so  low  as  that  required  to  freeze  water.  A  few  of 
them  are  solid  at  the  ordinary  temperature,  and  have  been  called  vegc^ 
table  buUert,  They  are  insoluble  in  water,  but  by  the  aid  of  mucilage 
may  be  diffused  through  it,  forming  emvltions.  They  are  for  the  most 
part  sparingly  soluble  in  alcohol  and  ether,  though  castor-oU  dissolves 
u  any  quantity  in  those  fluids. — Brande,  PhU.  Trans.  1811. 

1627.  Olive  oil  is  sometimes  adulterated  with  that  of  certain  seedi, 
which  may  be  detected  by  the  action  of  nitrate  of  mercury.  For  this 
purpose,  6  parts  of  mercury  are  dissolved  without  heat  in  7.6  parts  of 
nitric  acid,  specific  gravity  1.36 ;  this  solution,  shaken  with  oUve  oil, 
becomes  sohd  in  a  few  hours ;  but  if  sophisticated  with  oil  of  grains, 
it  does  not  solidify  it. 

1628.  If  oil,  which  has  been  congealed  by  cold,  be  submitted  to 
pressure  between  folds  of  bibuloii«  pap^r.fl  d^,cuncrete,  fetty  matter 

BtMriM  "  obtained,  which  Chevrft«I  bas  called  SUarine :  the  paper  absorbs  a 
fluid  matter,  which  Joes  not  congeal  at  a  much  lower  temperature,  and 
which,,  thougli  it  does  not  become  rancid,  acquires  viscidity  by  expo- 

Eiaiae.  sure  to  air.  This  fluid  part  he  has  called  Elaine.  The  relatiye  pro- 
portions of  these  principles  differ  in  the  different  oils.— jliuMiet  de 
Chimicj  Tom.  xciii.  xciv. — See  Animal  Oils. 

1629.  These  oils  cannot  be  volatilized  without  decomposition,  which 
takes  place  at  a  temperature  of  about  600^,  and  water  is  copiously 
formed,  attended  bv  the  separation  of  carbonaceous  matter,  which 
causes  the  oil  to  blacken  and  grow  thick  ;  a  portion  of  acetic  acid  is 
also  at  the  same  time  formed.  If  the  vapour  be  collected  it  is  found 
acrid,  sour,  and  empyreumatic  ;  it  was  formerly  employed  in  pharmacy, 
under  the  name  of  philotophert^  oilj  and  as  it  was  oflen  obtained  by 
steeping  a  brick  in  oil,  and  submitting  it  to  distillation,  it  was  also  called 

DU*f  bricu.*:^'  o/*  brtch.  Passed  through  a  red-hot  tube,  the  fixed  oils  furnish  a 
very  large  proportion  of  carburetted  hydrogen  gas  (435)  ;  and  when 
burned  in  the  wicks  of  lan^ps  they  suffer  a  similar  decomposition,  and 
water  and  carbonic  acid  arc  the  products  of  their  combustion. 

1630.  The  greater  number  of  the  fixed  oils  undergo  little  other 
change  by  exposure  to  air  than  that  of  becoming  somewhat  more  vis- 
cid, and  acquiring  a  degree  of  rancidity.  In  this  state  they  contain 
free  acid,  and  redden  vegetable  blues.  Some  few,  such  as  linseed  and 
nut-oil,  and  the  oils  of  the  poppy  and  hempseed,  become  covered  with 
a  pellicle,  and  when  thinly  spread  upon  a  surface,  instead  of  remaining 

Drriw  ill    S^^^^J'  bccomc  hard  and  resinous  ;  these  are  termed  drying  oiZi,  and 
^^     *    their  drying  quality  is  much  improved  by  boiling  them  upon  a  small 
quantity  of  litharge. 

1G31.  The  drying  oils,  and  especially  nut-oil,  form  the  basis  of  print- 
ers^ ink,  the  history  of  which  will  be  found  in  Lewis's  Phil.  Commerce 
of  the  Arts.  The  oil  is  heated  and  set  fire  to,  and  af^cr  having  been 
suffered  to  burn  for  half  an  hour  is  extinguished,  and  boiled  till  it  ac- 
quires a  due  consistency  ;  in  this  state  it  is  called  Varnish^  and  is  vis- 
cid, tenacious,  and  easily  miscible  with  fresh  oil,  or  witli  oil  of  turpen- 
tine, by  which  it  is  properly  thinned,  and  afterwards  mixed  with  about 
one-eighth  part  of  lamp-black. 
AaUoa  of  aJ-  1632.  The  alcalis  readily  combine  with  the  fixed  oils,  and  form 
caiii.  white  compounds  called  Soap,     Of  these  the  most  important  is  the 

soap  of  soda,  which  is  thus  made  :  Five  parts  of  barilla  are  mixed  with 
one  of  lifioe  and  a  proper  quantity  of  water     In  this  way  a  /fy,  or  so- 
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lulion  at  raaetic  eo^n,  is  obtained,  wluch  is  boiled  in  an  iron  pot  with 
Bii  pnrtB  of  oil  till  the  soap  separates,  which  is  accelerated  by  the  addi- 
tion of  common  salt ;  it  is  then  suffered  more  perfectly  to  coogeal,  and 
in  a  few  days  becomes  bard  enough  to  cut  into  forms  (AiKin's  Dic- 
tionary, Art  Soaf).  The  be^t  soaps  are  made  with  olive  oil  and  soda  isoi^, 
in  this  country  animal  fat  is  usunlly  employed  for  the  common  soaps,  to 
which  resin  and  some  other  substances  are  occasionally  added.  Soft 
Soap  is  a  compoand  of  potaesa  with  some  of  the  common  oils  ;  eren 
fish  oil  is  often  used. 

Soap  furnishes  a  milky  solution  with  water.  It  dissolves  in  alcohol, 
und  the  solution,  if  concentrated,  is  of  a  gelatinous  consistency.  By 
carefully  distilling  off  the  alcohol,  a  transpannt  soap i%  obtained, 

The  acids  and  the  greater  number  of  suits  decompose  soap,  forming 
in  most  cases  a  compound  of  dilficult  solubility  ;  hence  hard  waltn 
are  unfit  for  washing,  in  consequence  of  containing  sulphate  of  lime  ; 
hence  also  the  alcoholic  solution  of  soap  is  useful  as  a  test  for  ascer- 
taining the  fitness  of  water  for  this  purpose,  which,  if  it  becomes  very 
turbid,  cannot  in  general  be  used  for  washing. 

When  soaps  are  decomposed  by  the  acids,  the  oil  which  they  con- 
tain is  found  to  have  undergone  a  change,  the  history  of  which  will  be 
noticed  under  the  head  of  unimat  oiU. 

1633.  The  fixed  oils  readily  combine  with  oxide  of  lead,  when 
aided  by  heat,  forming  the  compound  usually  termed  platter ;  with  tbe  pimhh 
cxides  of  mercury  and  bismuth  they  produce  very  similar  combina- 
tions, and  are  also  capable  of  dissolving  while  arsenic  in  large  pro- 
portion. 

1634.  The  ultimate  components  ofotive  oil,  as  given  by  Gay-Lasaac 
and  Thenard,  are  i 

'n'  77. SI  carbon.  ^^^^| 

t^p  9.43  oxygen.  kt^^^^M 

l^B^^^  Section  Xii.     VolaiUtOU*.  ^^^^ 

!636.  These  oils  are  generally  obtained  by  distilling  the  plants  ei 
which  afford  them  with  water  in  common  stills  ;  the  water  and  oil  pass 
over  together,  and  are  collected  in  the  Italian  recipient  shown  in  the 
following  cut,  in  which  the  water  having  reached  the  level  a  b,  runs 
off  by  the  pipe  e,  and  the  oil  being  generally  lighter  than  water,  floats 

npon  its  surface  in  the  space  d.     The  whole  

contents  of  the  recipient  are  then  poured  into  a  r~j~M 

funnel,  the  tube  of  which  is  closed  with  the  fin-         a\-~^-\S  /^^ 
ger.  and  when  the  oil  has  collected  upon  the  /  \  I \  *' 

surface,  the  water  is  suffered  to  run  from  it,  and        /  \\\ 

the  oil  transferred  into  a  bottle.     The  distilled      /  \/ \ 

water  being  saturated  with  the  oil,  should  be  re-     I  jr    J 

tained  for  a  repetition  of  the  distillation.     The     I  \_y 

produce  of  oil  is  sometimes  increased,  by  add-      \  y 

ing  salt  to  the  water  in  the  still,   so  ae  to  ale-         j>-— — ^ 
»ate  its  boiring  point  a  few  dcgrcei.  
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Some  of  the  Tolatild  oils  are  obtained  by  expreMion,  rach  u  Uioae 
of  Umon  orange,  and  Bergamot^  which  are  contaioed  in  diMinet  Tes*- 
des  in  the  rind  of  Uiose  iruits. 

1636.  The  volatile  oils  vary  considerably  in  specific  grtfrity,  as 
shown  by  the  following  Table : 

OU  of  Sassafras 1.094 

,y      Cinnamon 1.035 

„      Cloves 1.034 

„      Fennel .      997 

„      Dill .      994 

,,      Penny-royal 978 

,,      Cummin •  .  •      975 

„      Mint 975 

5,      Nutmegs      948 

J,      Tansy 946 

»,      Caraway 940 

•  „      Origanum *  .  .     940 

„      Spike 936 

„      Rosemary   .  • 934 

^y      Juniper   .  • 911 

„      Oranges 888 

„      Turpentine 792 

i»f9^N«  1637.  The  volatile  oils  have  a  penetrating  odour  and  taste,  and  ar€ 
generally  of  a  yellowish  colour ;  they  are  ibr  the  most  part  very  so- 
luble in  alcohol,  and  very  sparingly  soluble  in  water ;  these  sohitioBS 
constitute  perfumed  essences  and  distilled  waters.  The  latter  are  prin- 
cipally  employed  in  pharmacy,  and  the  former  as  perfumes. 

When  pure  they  pass  into  vapour  at  a  temperature  somewhat  above 
that  of  212^,  but  when  distilled  with  water,  they  pass  over  at  its  boiling 
point.  They  are  very  inflammable,  and  water  and  carbonic  acid  are 
the  results  of  their  perfect  combustion.  As  many  of  these  oils  bear  a 
very  high  price,  they  are  not  unfrequently  adulterated  with  alcohol  and 
fixed  oils.  The  former  addition  is  rendered  evident  by  the  action  of 
water  ;  the  latter  by  the  greasy  spot  which  they  leave  on  paper,  and 
which  does  not  evaporate  when  gently  heated. 
AciioBof  ofj-  1638.  The  volatile  oils  absorb  oxygen,  when  long  exposed  to  it,  a^d 
ChbriM.  become  thick  and  resinous.  They  a&o  absorb  chlorine.  Nitric  and 
sulphuric  acids  rapidly  decompose  the  volatile  oils  :  a  mixture  of  four 
parts  of  nitric,  and  one  of  sulphuric  acid,  poured  into  a  small  quanti-' 
ty  of  oil  of  turpentine,  produces  instant  inflammation,  and  muriatic 
acid  is  produced,  along  with  a  peculiar  substance,  in  some  cases  not 
unlike  camphor.  Iodine  produces  changes  somewhat  analogous.  Mu* 
riatic  acid  combines  with  several  of  them,  and  forms  a  crystallizable 
compound  which  has  been  compared  to  camphor  (1647). 

1639.  The  relative  quantity  of  essential  oils,  furnished  firom  differ-* 
ent  materials,  is  liable  to  much  variation  ;  the  following  are  the  pro-* 
ducts  of.  1  cwt.  of  the  different  vegetable  substances  : 


Juniper-berries  (common) 4  to     5 

Ditto  (fine  Italian^ 7to8 

Aniseed  (common) 32  to  36 

Ditto  (finest)    ..     ^    ...... 36  to  38 


I 


CAMP|t6ltI0  ACID.  486 

Ifct.    o«»  Ibi.  OS. 

Caraways from    3  12  to  4  12 

Dill-seed  ............     from    2        to  2    6 

Cloves.    .    .    .  * from  18        to  20 

Pimento    .     .         from    2        to  3    4 

Fennel-seed 2 

Leaves  of  the  Juniperus  Sabina    .  * 14 


Section  XIII.    Camphor, 

1640.  This  substance  in  many  respects  resembles  the  essential  oils ;  soinbu  \n  «i- 
like  them  it  is  volatile,  inflammable,  soluble  in  alcohol,  and  sparin^y  <»»i*<>>- 
soluble  in  water. 

In  its  ordinary  stat^  it  is  white,  semi-transparent,  and  concrete.     Its  Specific gra^ri' 
specific  gravity  .98.     It  fuses  at  about  300*,  in  close  vessels.     It  dis-^^* 
solves  in  the  fixed  and  volatile  oils.     It  is  scarcely  acted  upon  by  theAetiMof  oSi. 
alcalis  ;  some  of  the  acids  dissolve,  others  decompose  it. — Hatcbett, 
PhiL  Trans,  1805.     Chevreul,  Amnales  de  Chimie^  Ixxiii. 

If  mixed  with  bole  or  powdered  clay,  and  repeatedly  distilled,  it  is 
almost  entirely  converted  into  a  liquid,  having  the  characters  of  essen- 
tial oil. 

The  camphor  of  commerce  is  obtained  from  the  Laurw  Camphora^  ExtncUoH. 
and  comes  chiefly  from  Japan.    It  is  originally  separated  by  distilla- 
tion>  and  subsequently  purified  in  Europe  in  a  subliming  vessel  some- 
what of  the  shape  of  a  turnip,  from  which  the  cakes  of  camphor  de-  •- 
rive  their  form. 

1641  When  camphor  is  repeatedly  distilled  with  nitric  acid  it  is  Action  of  m^ 
converted  into  camphoric  acid.  For  this  purpose  four  ounces  of  cam-^^  *^^^' 
phor,  reduced  to  powder  by  triturating  it  with  a  few  drops  of  spirit  of 
wine,  may  be  introduced  into  a  two-auart  tubulated  retort,  placed  in  a 
sand  heat  :  pour  upon  it  3Q  ounces  or  common  nitric  acid,  and  proceed 
to  slow  distillation.  When  two  thirds  of  the  acid  ffitve  passed  over, 
return  it  into  the  retort  and  distil  as  before,  repeating  the  operation 
twice  more ;  after  which,  as  the  liquor  coqls,  a  quantity  of  crystals  of 
camphoric  acid  are  deposited,  which  are  to  be  washed  and  dried.  This 
acid  assumes  the  form  of  plumose  crystals,  soluble  in  about  100  parti 
of  water  at  60*,  and  in  rather  more  than  one  part  of  alcohol*  Itf 
taste  is  acid,  and  somewhat  acrid,  and  it  has  an  aromatic  odour.  Ex- 
poSed  to  heat  it  sublimes  unaltered.  It  combines  with  the  salifiable 
bases,  constituting  a  class  of  salt  called  Camfhorates, 

1642.  Camphorate  of  ammonia  is  with  difficulty  crystaUized  ;  it  ia 
sparingly  soluble  in  water,  but  more  copiously  in  alcohol. 

1643.  Camphorate  of  Pota$$a  forms  hexagonal  crystals,  solubre  in 
about  100  parts  of  water  at  60^,  and  in  25  parts  at  212*.  Its  alcohol- 
ic solution  burns  with  a  blue  flame. 

1644.  Camphorate  of  Soda  is  possessed  nearly  of  the  same  proper- 
ties as  the  preceding. 

1645.  Camphorate  of  Lime  is  nearly  insoluble  in  water  and  alcohol. 

1646.  Camphorate  of  Baryta  forms  difiicultly  soluble  lamellar  crys- 
tals.— Bouir.LON  Lagranqb,  Annaltsd%  Chimie^  xxvii. 
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1647.  When  a  cnrreDt  of  muriatic  acid  gas  is  paaed  throng^  oil  of 
tarpentine,  it  deposits  a  concrete  substance,  which  has  been  called  or- 

Artifcyiiiffm-<^8^<>^  camphor^  and  the  weight  of  which  amonnts  t^  about  one-half  of 
pb^-  the  oil  employed.     When  purified  by  sublimation  with  a  little  quick* 

lime,  it  is  rendered  pure  and  white.  It  is  lighter  than  water,  fublimes 
without  decomposition,  bums  like  camphor,  and  in  smell  resembles 
a  mixture  of  camphor  and  turpentine  (Trenard,  Menwiret  d'Areueilj 
Tom.  ii.)  By  the  action  of  zinc  it  afibrds  chloride  of  zinc,  and  the  oil 
is  evolved  little  altered. 

1648.  Camphor  dissolves  in  sulphuric  aGML  forming  a  brown  solu- 
tion, from  which  it  is  at  first  precipitated,  nMtered,  by  water.    Sul- 

AeHMofMi-phurous  acid  is  afterwards  evolved,  the  solution  becomes  black  and 
phvtoMid.   ^1^1^^  3Q^^  i^f  g^iQQ  dajny  affords  a  brown  coagulum  on  the  addition 

of  water,  and  smeUs  fragrant  and  peculiar.  On  distilling  the  diluted 
liquor,  water  and  a  yellow  oil  pass  over,  a  little  sulphurous  acid  is  then 
disengaged,  and  a  bkck  matter  remains  in  the  retort,  which,  when  di- 
gested in  (dcohol,  affords  a  portion  of  soluble  matter  having  some  of 
the  properties  of  artificial  tannin. — ^Hatchett,  PhiL  TVojit.  1805. 


Section  XIV.    lU$in$. 

1649.  Resivs  are  substances  which  exude  from  many  trees,  dther 
from  natural  fissures  or  artificial  wounds.  Common  resin  is  obtained 
by  distilling  the  exudation  of  different  species  of  fir ;  oil  of  turpmik€ 

Pioperiiet.  P^ss^  over,  and  the  resin  remains  behind.  It  may  be  taken  as  a  per- 
fect example  of  resin,  and  is  possessed  of  the  following  properties :  It 
is  solid,  brittle,  a  little  heavier  than  water,  and  acquires  negative  elec- 
tricity when  rubbed.  It  has  scarcely  any  taste  or  smell ;  is  insoluble 
in  water  ;  readily  soluble  in  alcohol,  which  takes  up  about  one-third 
its  weight,  and  bj^comes  milky  upon  the  addition  of  water.  Resin  is 
soluble  in  the  caustie  alcalis,  the  solution  is  saponaceous,  and  when 
mixed  with  an  acid,  the  resin  separates,  scarcely  altered  in  its  proper- 
ties. Nitric,  muriatic,  and  acetic  acids  dissolve  it  without  much  change*. 
1660.  A  few  of  the  resins  derive  odour  from  containing  essential  oil ; 
some  afford  benzoic  acid  when  heated,  and  these  have  been  termed 

Sdiamt.  balsams ;  copa/,  mastich,  and  a  few  others,  are  very  difficultly  soluble 
in  alcohol,  and  contain  a  substance  somewhat  analogous  to  caoutchoqc. 
Guaiacum  is  characterized  by  the  singular  changes  of  colour,  which  its 
alcoholic  solution  suffers  when  exposed  to  the  action  of  nitric  acid. — 
Phil.  Trans.  1811. 

Guaiacum  is  also  rendered  blue  by  the  gluten  of  wheat,  but  its  colour 
is  nbt  changed  by  starch  ;  the  intensity  of  the  blue  colour  is  said  to  be 
proportiond  to  the  quantity  of  gluten  present  in  flour. — Taddei,  Gt- 
omale  de  Fisica^  i.  168.     Quarterly  Journal^  viii.  376. 


•  The  properties  of  the  resins  have  been  very  ably  investigated  by  Mr.  Hatrhett,  the  detaiN 
•i  whose  researches  will  be  fiound  in  his  coimnimicatioiis  to  the  Royal  Society,  nrinted  in  Ow 
Philotcphictd  Trwwictwm  for  ISM,  1805, 1806. 


1651.  Lac  ia  a  aabtlance  formed  by  an  itiiecl,  and  deposited  on  dil- 
erent  species  of  trees  chiefly  in  the  East  [ndies.  The  vHrious  kinda 
of  lac  distinguished  in  commerce,  are  ttick  lac,  which  is  the  subsUnce 
in  its  natural  stute,  investing  the  small  twi^  of  the  tree  :  tced-lac,  whicb 
is  the  same  broken  off;  and  which,  when  melted,  is  called  )helt-lae. 
Thesesubslances  hare  been  examined  by  Mr.  Hatchett*.  The  follow- 
ing table  eihibtts  their  component  parts. — Phii.  Tratu.  1804. 


\ 


Resin ,  G8 

Colouring  mattor  tO 

Wax 6 

Gluten 6.6 

Foreign  bodies   .  6.6 

Loss 4.0 

100 


100 


100 


1652.  Dr.  John  has  announced  the  presence  of  a  peculiar  acid  ii 
stick-lac,  which  he  has  called  Laceic  Scid.  The  lac  was  digested  in 
water,  the  solution  evaporated,  and  the  residue  digested  in  alcohol : 
the  alcoholic  solution  was  evaporated  to  drjnew,  and  its  residue  digest- 
ed in  ctlier.  The  evaporation  of  the  elheric  solution  leaves  a  yellow 
matter,  which,  being  again  dissolved  in  alcohol,  and  the  solution  mixed 
with  water,  deposits  a  litUe  resin,  and  leaves  laceic  acid  in  solution, 
which,  upon  the  addition  of  acetate  of  lead,  gives  a  precipitate  of  lac- 
cate  of  lead ;  the  latter  compound,  by  cautious  decomposition  by  sul- 
phuric acid,  affords  the  laceic  acid. 

1663.  Laceic  acid  is  cry^tallizabte,  of  a  yellow  colour,  a  sour  taste, Pn 
and  soluble  in  water,  alcohol,  Rod  ether.     With  potassa,  feoda,  and  lime, 
it  forms  deliquescent  soluble  salts  ;  with  lead  and  mercury  it  produces 
white  insoluble  compounds  ;  it  occasions  no  precipitate  in  the  nitrates 
of  baryta  and  silver. — Thomson's  Syilem,  ii.  177. 

1654.  Gvth  Renua  are  natural  combinations  of  guro  and  resin,  they 
are  consequently  only  partially  soluble  in  water  and  in  alcohol  ;  they 
readily  dissolve  in  alcaline  solutions  when  assisted  by  beat ;  and  the 
acids  act  apon  them  nearly  as  upon  the  resins.  Jimmcmiacu7n,gambogt, 
atiofaitida,  and  olibanvm,  may  be  taken  as  examples  of  gum  resins. 

1656.  JimbtT  is  a  substance  which,  in  some  of  its  properties,  resem- 
bles resin  \  it  is  however,  very  sparingly  soluble  in  alcohol,  and  diffi- 
cultly soluble  in  the  alcalis.  When  submitted  to  distillation,  it  furnishes 
an  acid  sublimate,  which  has  received  the  name  of  tvcdnir.  acid,  and 
which,  when  purified  by  repeated  solutions  and  crystallization,  pos- 
sesses the  following  properties  : — 

1656.  It  forms  yellowish  prismatic  crystals  soluble  in  24  parts  of 
water  at  60°,  and  of  a  slightly  acid  and  nauseous  taste  ;  it  is  liisible  and 
volatile  when  heated.  10  lb*,  of  amber  yield  about  3  ounces  of  puri- 
fied succinic  acid.  Along  with  the  succinic  acid  there  distils  over  a 
quantity  of  volatile  oil,  of  a  light  brown  colour,  used  in  pharmacy  under 


^^  .1^  Dr.  Pemaa  obUHwd  >  ppcnliiir  acid  rnilD  aiubBiuice  called  wliU'l' 
Hjt  bu  edled  il  /acci'c  atU.-ThU.  Tntu.  ITM. 
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the  name  of  Oil  of  Jbnier,  and  amoonting  to  abont  one-third  in  wei^t 
of  the  amber  used. 

1667.  Suecinaie  of  Ammonia  forma  acicular  crystab,  which  anblime 
When  caationsiv  heated.  Ita  solution  has  been  used  as  a  teat  for  iroo, 
the  peroxide  of  which  it  throws  down  from  its  nentral  aoiutions  in  the 
fbrm  of  a  reddish  brown  precipitate. 

1658.  Succinate  of  Potassa  is  a  very  soluble  deliquescent  salt,  crys- 
tallizable  with  difficulty  in  small  prisms. 

1659.  Succinate  of  Soda  forms  transparent  four  and  six-sided  prisms, 
considerably  less  soluble  than  the  preceding,  fnd  permanent  in  the  air. 

1660.  Succinate  of  Lime  forms  permanent  and  difficulty  soluble 
crystals. 

1661.  -Succinate  of  Baryta  is  formed  by  adding  succinate  of  ammo- 
nia to  muriate  of  baryta.  A  portion  is  thrown  down  in  a  pulverulent 
form,  and  a  part  in  small  crystalline  grains. — Bcromar • 

1662.  Succinate  of  Strontia  may  be  formed  as  the  preceding,  and 
presents  similar  properties.     It  bums  with  a  fine  red  flame. 

1663.  Succinate  of  Magnena  is  deliquescent  and  uncrystallizable. 

1664.  Sucdnaie  of  Mangantte  has  been  examined  by  Dr.  John 
(Gehlen's  Journal f  iv.)  It  is  crystallizable,  and  of  a  slight  red  tinge ; 
it  consists  of  30.27  protoxide  of  manganese  +  69.73  acid  and  water* 
The  theoretical  constitution  of  succinate  of  manganese  is 

50  acid 
36  oxide, 
so  that  the  above  salt  is  probably  a  bi-succinate. 

1665.  Succinate  of  Iron,  The  protosucdnate  is  crystdlizable  and 
soluble  ;  the  persuceinaie  is  insoluble,  and  is  thrown  down  in  the  fi>nn 
of  a  brownish  red  flaky  precipitate  from  solutions  of  the  peroxide  of 
iron.  This  salt  has  been  proposed  as  a  means  of  separating  iron  ia 
analysis,  but  is  quite  inapplicable  in  the  greater  number  of  cases. 

1666.  Succinate  of  Zinc  furnishes  long  slender  crystals,  which  have 
not  been  examined. 

1667.  Succinate  of  Tin,  The  succinic  acid  dissolves  protoxide  of 
tin,  and  forms  with  it  thin  broad  transparent  crystals. 

1668.  Succinate  of  Copper.  There  appear  to  be  two  varieties  of 
this  salt,  a  super-succinate  and  a  sub-succinate.  (For  details  respect- 
ing several  of  the  succinates,  the  reader  is  referrea  to  Wenzel's  Lehre 
der  Verwandtschaft  der  Korper  ;  and  to  Gren,  Handhuch^  iii.  19.) 

1669.  Succinate  of  Lead.  When  succinic  acid,  or  succinate  of  am- 
monia, is  added  to  acetate  of  lead,  a  white  precipitate  of  succinate  of 
lead  falls,  composed,  according  to  Berzelius,  of 

Succinic  acid 30.9 

.  Protoxide  of  lead 69.1 

100. 

These  numbers  give  50  as  the  representative  of  succinic  acid,  and, 
considering  the  succinate  of  lead  as  composed  of  1  proportional  ef 
each  of  its  components,  it  will  consist  of 

Succinic  acid 50 

Protoxide  of  lead 112 

162 


tihti  or  HOHPRtt. 


The  remaining  incciaates  are  not  of  anfficietit  importance  to  te* 
|,glrire  enumeration. 

I       1670.  The  resina  are  applied  to  a  variety  of  useful  purposes  ;  and 
I  diiolved  in  alcohol  and  oils  tbey  constitute  the  different  varniihcs. 


¥ 


Sectiox  XV.     Narcotic  Principles. 

1671.  The  substance  to  which  the  narcotic  power  of  opium  is  re- 
ferable, has  been  examined  with  much  allention  by  M.  Serteurner  ;  he 
has  termed  it  morphia. 

Morphia  may  be  obtained  from  powdered  opium  by  triturating  it  into  EmuiiMi 
a  paste  with  dilute  acetic  acid  :  pour  caustic  ammonia  into  the  filtered 
solution,  and  evaporate  ;  during  the  evaporation  a  brownish  substance 
separates,  which,  by  digestion  in  a  small  quantity  of  cold  alcohol,  be- 
comes nearly  colourless,  and  is  pare  morphia. 

Morphia  is  sparingly  soluble  in  water,  but  readily  soluble  in  alcohol 
and  in  ether,  from  which  it  may  be  •btainedin  quadrangular  and  octoe- 
dral  crystals.  It  is  highly  poisonous  and  narcotic,  even  when  adminis- 
tered in  very  small  doses  ;  it  is  fusible  and  combustible. 

Morphia  appears  in  some  respects  to  possess  the  properties  of  an 
alcaU  ;  it  reddens  turmeric,  and  forms  cryslaltizable  compounds  with 
the  acids, 

1672.  Nilratt  of  Morphia  forms  acicular  crystals,  soluble  in  1.5  of 
water,  at  60". 

1673.  Sulphate  of  Morphia  crystalUzes  in  prisms,  soluble  in  two 
parts  of  water,  at  60'*,  and  composed,  according  to  Pelletiar  and  Ca- 
ventou  (Journal  de  Phannacie,  v.)  of 

1 1  Salphuric  acid. 
89  Morphia. 


1674.  Carbonate  of  Morpkia  forms  prismatic  crystals,  soluble  in  4 
parts  of  water,  at  60°,  and  containing,  according  to  Cboulant  (^Annalt 

,  ^Pkil.  xjii.) 

i  28  Carbonic  acid. 

H  32  Morphia. 

W  60  Water. 

100 

These  salts  have  a  bitter  taste,  and  are  decomposed  by  ammonia  i 
they  have,  however,  been  but  imperfectly  examined. 

1675.  In  opium  morphia  is  said  to  be  combined  with  a  peculiar  acid, 
which  has  been  called  the  mtconie  acid,  and  this  combination  is  decern* 
posed  by  the  action  of  ammonia  in  the  preparation  of  morphia. 

The  following  process  is  said  to  afford  pure  meconic  acid  :    Boil  in-* 
fusion  of  opium  with  magnesia,  and  digest  the  precipitate  in  alcohol ; 
mtconiau  of  marnsn'a  remain) :  dissolve  this  in  dilute  sulphuric  acid, 
3T 


'■■<'■  ■ 


and  add  nmriale  of  btiitA»  a  precifiUte  &Ib,  cojnpaaeijjpfefnlBhii 
«mI  meetmiaU  of  hoffia;  dbeit tliif  in  dilute  8iil^ar^j|||^  wbidide- 
compoaei  the  mecooiale :  niter  and  eTaporate,  till  bnMm  cmtalaif 
fa^nre  meconic  add  are  depoaited ;  ^  thete  GrjiCab»  and  tbaAjbeal 
them  caref ally  in  a  retort,  to  aoHinie  the  meconic  acid.  Whilio  cryi- 
tals  are  thus  obtained,  which  fiiae  at  860^ ,  and  mblime  without  decoan- 
poiition ;  they  are  lour,  and  very  aoluUe  in  water  and  alcohol. 

1676.    JMBCOfiiole  of  .fcnmoaia  fbnns  stellated  ciyitak,  Bolable  in 
1.5  parta  of  water,  at  60^,  and  compoaed,  according  to  Choulant,  of 

42  Ammonia. 
40  Meconic  acid. 
18  Water. 

100 

*  1677.  AUecmaU  (f  Potaua  forma  iburHiided  tables,  aoloble  b  2 

parts  of  water  at  60*,  and  composed  of 

60  Potassa. 

C7  Meconic  acid. 

13  Water. 

100 

1678.  MeamiaU  of  SMia  ibrms  efflorescent  prismatic  cfjatals,  sohi* 
ble  in  5  parts  of  water  at  60®,  and  composed  of 

40  Soda. 

32  Meconic  acid. 

28  Water. 

100 

1679.  Meeamaie  of  Lime  affords  prismatic  crystals,  solnble  in  8  parts 
of  water  at  60^,  and  consisting  of 

42  Lime. 
34  Acid. 
24  Water. 

100 

The  equivalent  nmnber  of  meconic  acid,  deduced  from  the  mean  of 
the  above  analyses,  by  Choulant,  will  be  about  23. 

1680.  MM.  Pelletier  and  Caventou,  in  analyzing  the  bean  of  5lf.  /j- 
**7«W»-    noHue  {Stryehnos  Ignaiia),  and  the  vomica  nut  {Stryehnos  nux  vomteo), 

discovered  in  them  a  peculiar  principle,  which  they  have  tenned 
Slrychniney  and  which,  like  morphia,  possesses  alcaline  properties. 
The  following  is  their  process  for  obtaining  it :  Digest  the  raspings  of 
tiie  bean  in  sulphuric  ether,  which  separates  a  green  oily  fluid  ;  pour 
this  off,  and  treat  the  residuum  with  alcohol ;  Ster  the  latter  solution 
when  cold,  and  evaporate ;  it  leaves  a  brown  bitter  substance,  soluble 
in  water  and  alcohol ;  to  its  strong  aqueous  solution  add  a  solution  of  po- 
tassa,  which  causes  t  precipitate,  vriuch,  when  washed  with  alittle  cold 


W-,  is  white,  crystalline,  and  very  biller.  If  not  quite  pnre,  it 
■  be  rendered  eo  by  solution  in  acetic  acid,  and  precipitation  by  po- 

pSI.  Strychnine,  or  Slrychnia,  ia  nearly  insoluble  in  water  ;  it  dii' 
le*  in  alcohol,  aod  the  solutions  are  intensely  bitter  and  poisonous 
nprodncea  the  blue  of  vegetable  colours  reddened  by  acids.  Ii 
WaUiz«s  in  small  quadrangular  prisma  ■,  it  has  no  smell,  and  is  nci- 
r  iitiible  nor  volatile,  but  is  decompoMd  at  about  600"  into  pro- 
Sto  consisting  of  oiygen,  hydrogen,  and  carbon. 
■682.  The  Salu  of  Strychnia  are  decomposed  by  potasaa,  soda,  am- 
^a,  baryta,  stronlia,  and  magnceia,  Ibe  base  being  thrown  down;, 
it  of  the  other  metallic  salts  are  decomposed  by  strychnia,  and  with 
e  it  forms  triple  salts. 

[683.  Sulphate  of  Strychnia  forms  cubic  crystals,  soluble  in  about 
Darts  of  water  at  60"  ;  its  taste  is  bitter,  and  it  is  decomposed  by 
I  alcalis.     It  consists  of 

Sulphuric  acid 9.5 

Strychnia 90.6 


■664.  Mariate  of   Slrychnia  crystallizes  in  acicular  prisms  more 
■trie  than  the  sulphate. 

■685.  JVitrate  of  Strychnia  is  formed  by  digesting  excess  of  strychnia 
■bry  dilute  nitric  acid  ;  it  yields  stellated  crystals,  which  acquire  a 
■  colour  by  the  action  of  sulphuric  acid.  Nitric  acid  poured  upon 
ia  or  its  salts  produces  a  deep  red  colour. 
.  The  discoverers  of  strychnia  assert  that  it  exists  in  theabove- 
led  seeds,  combined  with  a  peculiar  acid,  somewhat  resembliag 
Knuilic,  but  susceptible  of  crystallization  ;  they  have  called  it  Iga- 
pAcid,  and  the  poisonous  principle  existing  in  the  seeds,  appears 
)e  an  igantratv  of  strychnia. 

1(87.  Brucine.  This  terra  has  been  applied  to  a  peculiar  alcaline 

ince,  obtained  from  Angostura  bark,  by  (he  above-named  che- 

Its  properties,  as  far  as  they  have  been  investigated,  are  de- 

i  in  the  Jlnaala  de  Ckimie  (xii.  p.   113.)  and  in  the  (Quarterly 

J  of  Science  and  the  Aril  (in.  189). 

■688.  Delphine  is  an  alcaline  principle,  discovered  by  MM.  Las- 

e  and  FeneuUe  in  the  seeds  ofstavesacre  {^Delj^unium  Staphyiog- 

They  obtained  il  by  the  following  process  :  The  seeds,  depriv- 

r  their  husks,  were  boiled  in  distilled  water,  the  decoction  filtered, 

^d  with  a  portion  of  pure  magnesia,  and  re-Gltered ;  the  residue 

B  the  filter  was  Uiea  boiled  with  highly  rectihed  alcohol,  by  which 

Kilcali  was  separated  and  obtained  by  evaporation  in  the  form  of  a 

Te  pulverulent  substance. 

lelphine,  when  pure,  appears  crystalline  in  its  moist  state;  its 

I  &  bitter  and  acrid  ;  when  heated,  it  melts,  and  on  cooling  becomes 

e  like  reiin  ;  it  is  sparingly  soluble  in  water,  but  readily  soluble 

kohol  and  ether  ;  it  renders  the  blue  of  violets  green,  and  forms 

ftoloble  salts  with  the  acids,  from  which  the  alcalis  precipitate 

e  in  a  white  gelatinous  sUte.— Jnnofej  de  CSiime  et  Fhyi.,  xii. 
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Sectioit  XVI.  BUunum^  coal,  ^c. 

1689.  fiiTUMEiTB  are  ibstile  substances,  bearing  considerable  tt* 
semblance  to  oily  and  resinoas  bodies.  The  chemical  habitudes  of  M- 
veral  of  these  substances  have  been  ably  investigated  by  Mr.  Hatcbelt 
{Phil  Trans. ^  1804.)     The  following  are  the  principal  varieties: 

a.  Naphtha  is  a  pungent,  odoriferous,  oily  liquid,  either  colouriesi 
or  of  a  pale  brown  tint,  found  upon  the  borders  of  the  Caspian  Sea, 
and  in  certain  springs  in  Italy.  It  is  considerably  lighter  thAn  water, 
volatile,  and  highly  inflammable.  When  pure  it  appears  to  conlaiii  as 
oxygen,  and  hence  is  employed  for  the  preservation  of  potasstaiB,anl 
the  other  highly  oxidable  metals.  It  consists,  according  to  Saoanret 
of 

Carbon  .........     87.21 

Hydrogen 12.79 

100. 

b.  Petroleum  has  most  of  the  properties  of  naphtha,  but  is  leas  fluid, 
and  darker  coloured.     In  the  countries  where  it  abounds,  it  is  employ' 

^  «d  for  burning  in  lamps. 

c.  Mineral  Tar  appears  to  be  petroleum  further  inspissated.  It  is 
more  viscid,  and  of  a  deeper  colour- 

d..  Maltha^  or  Mineral  Pitchy  is  a  soft  inflaounable  substance,  heavier 
than  water,  and  may  be  considered  as  derived  from  the  exsiccadoDof 
mineral  tar. 

«.  Asphalium  is  found  abundantly  on  the  shores  of  the  Dead  Sea,  in 
''V  Albania,  and  in  the  island  of  Trinidad.     Its  colour  is  brown  or  black ; 

*'.  it  is  heavier  than  ^vater,  and  readily  soluble  in  naphtha. 

/.  Elastic  Bitumen,  or  Mineral  Caoutchouc,  is  found  only  in  tbe  Tki- 
nity  of  Castleton  in  Derbyshire.     It  is  fusible  and  inflanunable. 

g.  Mineral  Adipocere  is  a  fatty  matter  found  in  the  argillaceoos  iron 
ore  of  Merthyr  :  it  is  fusible  at  about  160^,  and  inodorous  when  cold, 
but  of  a  slightly  bituminous  odour  when  heated,  or  after  fusion. 

The  above  substances  are  insoluble  in  water,  and  difficultly  solaUe 
in  alcohol,  with  the  exception  of  naphtha  and  petroleum,  whicb  are 
soluble  in  highly-rectified  alcohol. 

k,  Retinasphaltum  is  a  substance  which  accompanies  the  Bowy 
Coal  of  Devonshire.  It  was  first  analyzed  by  Mr.  Hatchett,  wbs 
found  it  to  consist  of 

55  Resin. 
41  Aaphaltum. 
4  Earthy  matter  and  loss. 

i.  Pi  Coal.  There  are  three  chemical  varieties  of  this  importHl 
substance.  The  first,  or  brazen  coal,  retains  some  remains  of  tbevt- 
getables  from  which  it  has  originated.  When  heated  it  exhales  a  MM* 
minous  odour,  and  bums  with  a  clear  flame.  It  is  generally  of  a  UN!^ 
^consistency  and  yields  according  to  Mr.  Hatchett,  a  portion  of  tuwHtf* 
«d  vegetaUe  extract,  and  resin. 


The  aecond  variety,  or  black  coal,  is  the  ordinary  fue)  of  this  coud- 
\ij.  It  exhibitB  DO  traces  of  regcLible  origia,  and  conaista  principally 
of  bitumen  aod  charcoal,  in  variable  proportions.  When  ejiposed 
to  heat,  it  swells,  aollenti,  imd  burns  with  a  bright  flatne,  leaving  a  small 
quantity  of  ashes.  Many  varieties,  however,  abound  in  earthy  matter, 
and  these  produce  copious  cinders,  and  bum  with  a  leaa  totense  heat. 

The  products  of  the  destructive  diistillation  of  this  kiod  of  coal  have 
been  already  described  (431).  The  residue  is  a  hard  Bonorons  char- 
coal, termed  coke,  and  containing  the  earthy  ingredients  of  the  coal. 

The  third  variety,  or  glance  coal,  consists  almost  entirely  of  char- 
coal, and  earthy  matter.  It  burns  withont  flame,  and  tvhen  distilled 
produces  scarcely  any  gaseous  matter. 

k.  Ftat  and  Turf  consist  principally  of  the  remains  of  vegetables, 
having  undergone  comparatively  little  change.  They  often  contain 
bituminous  wood,  and  branches  and  tranks  of  trees. 

(,  Melinite,  or  Honeyatone.  is  a  rare  substance,  found  in  the  brown 
coal  of  Thurinpa  and  in  Switzerland.  It  is  of  a  honey  yellow  colour, 
crystallized  in  octoedra,  and  when  analyzed  by  Klaproth,  was  found  to 
consist  of  alnmina  combined  with  a  peculiar  body  which  has  been  call- 
ed the  mellidc  acid. — Klapbotb's  Essayt,  ii.  89.  Vau^uelin.  An- 
nalei  de  Chimit,  zxxvi.  203. 
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SzcTioit  XVII.     Vtgtlahle  AcHi. 

1690.  The  following  are  the  principal  acids,  which  are  fouix)  res- 
I  ^  formed  in  vegetable  products  : 


,  Tartaric  acid 
.  Oxalic  acid. 
.  Citric  acid. 


4.  Malic  acid. 

5.  Gallic  acid. 

6.  Benzoic  acid. 


.  Tartaric  Acid. 


1691.  Tjiii  acid  exists  in  several  vegetable  substances  ;  it  is  one  of 
Hke  soar  principles  of  many  fruits,  and  is  said  to  be  abundant  in  the 
^tatoe-apple.  Tartaric  acid  is  generally  obtained  from  the  bi-tarfraU*^^ 
t^potasia.  Mix  100  parts  of  this  salt  in  fine  powder  with  30  of  pow- 
dered chalk,  and  gradually  throw  the  miiture  into  10  times  its  weight 
of  boiling  water  ;  when  the  hquor  has  cooled,  pour  the  whole  upon  a 
linen  strainer,  and  wash  the  white  powder  which  remains  with  cold 
water  :  this  is  a  tartrate  of  lime ;  diffuse  it  through  a  sufficient  qtiantihr 
of  water,  add  sulphuric  acid  equal  in  weight  to  the  chalk  employed, 
and  occasionally  stir  the  mixture  during  94  hours;  then  filter,  and 
carefully  evaporate  the  liquor  to  about  one-fourth  its  original  bulk  ; 
filter  again,  and  evaporate  with  much  care  nearly  to  dryness  ;  re-dis- 
solve the  dry  mass  in  about  6  times  its  wei^t  of  water,  render  it  clear 
by  filtration,  evaporate  slowly  to  the  consistency  of  syrup,  and  set  aside 
,to  crj'stallize.  By  two  or  three  successive  solutions  and  crystalliza- 
'  ■'  ins,  tartaric  acid  will  be  obtnined  in  colourless  crystals,  soluble  in  6 
bi  of  water  at  60".     According  to  Berzclhis,  the  crystals  contain 
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1 1.85  per  cent  of  intor.  Th^  aqueous  solotion  of  tarluie,  id  eta- 
moii  mth  the  other  vegetible  acids,  soon  becomes  mooldj^  Md  wattm 
decomposition. 

'     1692.  When  tartaric  add  is  snhniitted  to  destmctiTe  fistiliatiim,  it 
affords  a  brown  acid  liquor  which  has  been  termed  pyrotarimrwu  mtUL 

1693.  According  to  berzelins,  the  tariraU  of  lead^  which  is  au  inso^ 
t          IpUe  sflJt,  and  easily  formed  by  addii^  tartaric  acid  to  a  solatium  of  air 

Crate  of  lead,  consists  of 

Tartaric  acid.  • 100 

Oxide  of  lead. 167 

And  regarding  this  salt  as  composed  of  1  proportional  of  acid  and  1  of 
oxide,  we  obtain  the  nomber  67.0  as  the  representatiTe  of  tartaric 
acid,  for 

167  :  100  :  :  118  :  67.0 

1694.  Tartaric  acid  comMnes  with  tiie  metallic  osidea,  and  jpio- 
doces  a  class  of  salts  called  tdrtraietf  the  compontion  of  whidi  wvU  ba 
obTioos  from  the  preceding  datum. 

1696.  Tartrate  of  ammoma  forms  verjr  sotoble  ^irismaticeryatals,  of 
a  cooling  taste.  The  addition  of  tartanc  acid  to  its  aqueous  sohrtioB 
produces  a  precipitate  of  a  difficultly  soluble  bi-iartraU  of  ammonia. 

1696.  Tartrate  of  Potas$a  is  formed  by  saturatii^  the  excess  of  add 
in  tartar y  by  potassa.  According  to  Mr,  Richard  PhiUipe  (RnMorh  on 
the  FAarmocopcna,)  100  parts  of  tartar  require  43.5  o[  carbonate  of 
potassa.  The  resulting  salt  is  soluble  in  less  than  twice  its  wdght  of 
water ;  it  crystallizes  in  ibor-sided  prisms,  and  consists  of 

1  proportional  add s=    67. 

1 potassa =    48. 

Tartrate  of  potassa =3  115. 

This  salt  is  used  in  pharmacy  ai  an  aperient ;  it  is  the  potaetoB  tariras 
of  the  Pharmacopcna*    Its  taste  is  saline,  and  somewhat  bitter. 

1697.  Bitartrate^  OT  Suvertartrate  of  potassa,  Tartar.  This  sub- 
stance exists  in  considerable  abundance  u  the  juice  of  the  grape,  and 
is  deposited  in  wine  casks,  in  the  form  of  a  crystallized  incrustation, 
called  argoly  or  crude  tartar.  It  is  purified  by  solution  and  crystalliza- 
tion, which  renders  it  perfectly  white :  when  in  fine  powder  it  is  term- 
ed cream  of  tartar. 

It  may  also  be  formed  by  adding  excess  of  tartaric  acid  to  a  solution 
of  potassa.  The  mixture  presently  deposits  crystalline  grains,  and  fur- 
nishes a  striking  example  of  the  diminution  of  solubility  by  increase  of 
Ttetaife  tela  acid  in  the  salt.  Upon  this  drcumstance  the  use  of  tartaric  add  as  a  test 
teit  ior  potM-£^^  potassa  depends,  for  soda  forms  an  easily  soluble  supertartrate  and 
consequently  affords  no  precipitate.  (578) 
Bi-tartrate  of  potassa  is  composed  of 

2  proportionals  of  acid.  .  ^  134 
1  proportional  of  potassa  ss    48 

i-tarttata  of  potassa  SB  182 


TJlBTRATBB  o 

Thia  salt  requires  120  parts  of  water  at  60°,  aod  30  parti  at  212" 
f«r  its  solution. 

When  exposed  to  heat,  tartar  fuses,  blackeos,  and  is  decomposed  : 
and  carbonate  of  potassa  is  the  reiaainiog  res'ult  (669).  Provided  the 
tartar  be  free  from  lime,  which  however  is  seldom  the  case,  this  fur- 
nishes a  good  process  for  obtaining  pure  carbonate  of  potassd.  Tlie 
aqueous  solution  of  tartar  becomes  mouldy  when  exposed  to  air,  and 
the  tartaric  acid  being  entirely  decomposed  leaves  a  weak  solution  of 
carbonate  of  potassa. 

The  componeDt  parts  of  tartar  render  it  an  excellent  fliii  in  the  re-p,, 
duction  of  metallic  ores  upon  a  email  scale,  its  alcali  promoting  their 
fusion,  and  the  carbonaceous  mutter  tending  to  reduce  the  oxides. 

1698.  Tartrate  of  PotaMsa  and  Ammonia  is  formed  bj  Baturating  the 
excess  of  acid  in  tartar  with  ommoniii.  It  effloresces  and  loses  ammo- 
nia by  exposure  to  air. 

1 799.  Tartrate  of  Soda  forms  acicular  crystals  soluble  in  tiieir  own 
weight  of  water.  Tartaric  acid,  added  to  their  solulion,  forms  a  ju- 
pertartrale  of  loda,  much  more  soluble  than  the  corresponding  salt  of 
Dotassa. 

Tartrate  of  Polassa  and  Soda  is  prepared  by  saturating  the 
^cess  of  acid  in  tartar,  with  carbonate  of  soda  ;  it  is  the  loda  tartari- 
^ala  of  the  Pharmacoprda ;  it  forms  irregular  prismatic  crystab.  It 
kss  long  been  used  in  pharmacy  under  the  name  of  RochelU  Salt  and 
Sei de  Seignette.  According  to  Vauquelin'a  analysis  (FooacRov's  Co»- 
naitsancet,  v'n.  240.)  this  salt  consists  of  54  tartrate  of  potaisa  +,46 
tartrate  of  soda^er  cent. :  these  numbers  agree  with 
2  proportionals  of  acid  ,  .  =  134 


1701.  Tartrateof  Lime  is  nearly  insoluble  in  cold  water,  but  soluble 
in  600  parts  of  boiling  water  ;  it  is  produced  by  adding  chalk  to  tartar, 
as  in  the  process  for  obtaining  tartaric  acid,  where  it  is  decomposed  by 
sulphuric  acid. 

1 702.  Tartrate  of  Poliuia  and  Liine  may  be  formed  by  adding  lime- 
water  to  solution  of  supertartrate  of  potassa,  till  it  begins  to  become 
turbid  :  in  a  few  days  acicular  crystiila  of  the  above  triple  salt  are  de- 
posited, which  effloresce  when  exposed  to  mr. 

1703.  Tartratt  of  Baryta  is  a  difficultly  soluble  salt. 

1704.  Tartrate  of  Strotuia  is  thrown  down  on  mixing  the  solutions  of 
tartrate  of  potassa  and  nitrate  of  strontia.  It  dissolves  in  rather  more 
than  300  parts  of  boiling  water,  and  forms  small  crystals  as  the  solution 

1705.  Tartrate  of  Magnesia  is  precipitated  from  the  sulphate  by  tar- 
taric acid  :  it  is  soluble  in  excess  of  tartaric  acid,  and  formsn  cryslalli- 
zable  salt. 

1706.  Tartrate  of  Manganese,  formed  by  dissolving  protoxide  of 
mangnnese  in  tartaric  acid,  is  a  soluble  salt,  and  therefore  not  produced 
by  adding  tartaric  acid  or  a  neutral  tartrate  to  protomuriate  or  prolo- 
sulphate  of  manganese. 

n07.  Tartrate  of  Iron.    Both  the  tartrates  of  iron  are  eaeKy  solu- 
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Me,  and  no  precipitate  it  formed  by  tartaric  acid,  or  bj  tartrate  «(f|i 
ta8sa»  in  solutions  of  iron.  ' 

1708.  Tartrate  of  Inm  and  Potai$a.  This  is  the  ferrmm  ioHmm 
turn  of  the  Pharmaeapmia^  but  it  is  most  conveniently  employ al  at 
medicine  in  solution,  which  may  be  formed  by  digesting  1  potaf  li 
iron  filings  with  4  of  tartar ;  this  mixture  should  be  made  iaia  a  li 
paste  with  water,  and  digested  for  some  weeks,  till  the  acid  is  asiln 
lized,  fresh  portions  of  water  being  occasionally  added  to  Mnii 
exsiccation.  The  solution  of  this  compound,  which  contains  ma  in 
in  the  state  of  peroxide,  is  possessed  of  some  carious  propeT6cs,  In 
pointed  out  by  Mr.  R.  Phillips. — Experimental  Examimlim  if  A 
London  Pharmacopeeia^  98* 

1709.  TartraU  of  Zinc  b  formed  by  adding  tartrate  of  potaHNi  I 
sulphate  of  zinc,  and  appears  to  be  a  very  difficultly  soluble  conpooai 

1710.  Tartrate  of  Tin.  Tartrate  of  potassa  occasiona  a  white  pi 
cipitate  in  the  protomuriate  and  permuriate  of  tin. 

1711.  TartraU  of  Poia$$a  and  Tin  ia  formed  by  boifiag  Ae  oiiiai 
solution  of  tartar ;  it  is  vary  soluble,  and  the  addition  of  ak 
their  carbonates  occasion  no  precipitates. — Taxir aro,  Anmalm 
xxtviii.  •    ** 

1712.  Tartrate  of  Copper  is  produced  by  adding  tartaric  acid  iasi 
phate  of  copper.     It  forms  blmsh-green  crystals. 

1713.  Tartrate  of  Potaesa  and  Copper  is  formed  by  beiKng  adri 
copper  and  tartar  in  water ;  the  solution  yields  blae  crystab  onetiM 
ration ;  or  if  boiled  to  dryness,  furnishes  one  of  the-pigmeib  CM 
Brumwick  green. 

1714.  Tartrate  of  Lead  is  thrown  down  in  the  form  of  an  iassUi 
white  powder  on  a&ing  tartaric  acid  to  solution  of  nitrate  of  lesi  M 
composition  has  already  been  adverted  to  (1693). 

1715.  Tartrate  of  Potassa  and  Lead  is  formed,  according  to  The 
nard,  by  boiling  a  mixture  of  tartar  and  oxide  of  lead  in  water^^-Ji 
nales  de  Chim.^  xxxviii. 

1716.  Tartfate  of  Antimony  has  not  been  examined. 

1717.  Tartrate  of  Antiwony  and  Potasea.  Emeiie  Tiiffar.  Hi 
compound  may  be  obtained  by  boiling  protoxide  of  antinooy,  oMM 
by  any  of  the  processes  formerly  described  (907)  with  pure  saaaii^ 
trate  of  potassa.  It  is  the  antimomum  tartarizatum  of  thejLain 
Pharmacopaia, 

Emetic  tartar  may  be  prepared  by  boiling  a  solution  i^  fOO  p0t^ 
tartar  with  100  parts  of  finely  levigated  glass  of  antimony,  orif  iM 

1>rotoxide  described  above  (907)  ;  the  ebullition  ahonld  be  coadmri 
or  half  an  hour,  and  the  filtered  liquor  evaporated  to  about  Uf  ^ 
bulk,  and  set  aside  to  crystallize  :  octoedral  and  tetraedrai  ctpti^^ 
the  emetic  salt  are  thus  obtained ;  and  there  is  generally  fimned  AV 
with  them  a  portion  of  tartrate  of  lime  and  potassa^  which  ia  depMJIV 
in  small  tufts  of  a  radiated  texture,  and  which  may  eaailj  be 
when  the  mass  is  dried.  '; 

Mr.  Phillips,  in  his  Experimental  Examination  of  tkeLondmllf 
iiurcoMia,  has  stated  several  facta  respecting  the  formation  of  Hkm 
which  wiU  be  found  useful  to  the  manqfiicturer.  .  >^j 

Emetic  tartar  is  a  white  salt,  sUghtly  e£Borescent,  aoinble  ia 
14  parts  of  cold  and  2  parts  of  boili^  water.    It  is  deooapoaad 
akalis,  an4  wheabaatcd  widi  ammonia,  a  portion  of  protoxide 
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ly  is  thrown  down,  and  a  very  soluble  compound  remains  in  the 
r.  Sulphuretted  hydrogen  and  hydrosulphuret  of  ammonia  proi* 
orange -coloured  precipitates  in  its  solution.  It  is  decomposed  by 
r  and  astringent  vegetable  infusions,  but  they  do  not  render  it  in- 
B  as  a  medicine.  Mr.  Phillips  has  shown  that  emetic  tartar  con- 
of  100  supertartrate  of  pota^sa  +  66  protoxide  of  antimony.  If 
msider  it,  with  Dr.  Thomson,  (iSys/em,  ii.  670.)  as  a  compound  of 
sportionaU  of  tartaric  acid,  2  of  protoxide  of  antimony,  and  1  of 
sa  ;  or  as  containing  1  proportional  of  tartrate  of  potassa  and  1  of 
rtrate  of  antimony,  its  components  will  stand  thus  : 

Tartaric  acid 67  X  2  =  134 

Protoxide  of  antimony  .  56  X  2  ^  112 
Potassa =    48 
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18.  Tartrate  of  Bismuth  has  not  been  examined,  but  moist  oxide 
imath  boiled  with  tartar  forms  a  difficultly  soluble  triple  salt. 

19.  Tartrate  of  Cobalt.  Tartrate  of  potassa  forms  no  precipitate 
lutions  of  cobalt,  but  their  colour  is  much  heightened  by  it. 

20*  Tartrate  of  Uranium  is  a  very  soluble  salt,  not  easily  crystal* 

Le. 

SI.  Tartrate  of  Titanium  appears  to  be  a  soluble  compound. 

22.  Tartrate  of  Cerium^  according  to  Hisinger  and  Berzelius,  is 
id  by  adding  tartrate  of  potassa  to  sulphate,  nitrate,  or  muriate  of 
m.  It  is  a  soft  tasteless  powder,  soluble  in  nitric,  muriatic,  and 
luric  acids,  and  in  the  alcalis. 

23.  Tartrate  of  Nickel ^  formed  by  digesting  moist  oxide  of  nickel 
taric  acid,  is  a  very  soluble  salt ;  tartaric  acid  occasions  no  prcci- 
I  in  the  soluble  salts  of  nickel. 

24.  Tartrate  of  Mercury.  Tartaric  acid  occasions  white  precipi- 
in  all  the  solutions  of  oxide  of  mercury  not  containing  excess  of 

25.  Tartrate  of  Potassa  and  Mercury  is  formed,  according  to  The- 
by  adding  solution  of  tartar  to  nitrate  of  mercury. 

26.  Tartrate  of  Silver.  Tartaric  acid  occasions  no  change  in  ni* 
of  silver,  but  tartrate  of  potassa  forms  a  white  precipitate,  which 
»bably  a  tartrate  of  silver. 

27.  Tartrate  of  Silver  and  Potassa  is  thrown  down  by  adding  tar- 
>  nitrate  of  silver. 

28.  Tartrate  of  Alumina  is  a  soluble  uncrystallizable  compound  of 
tringent  flavour. 

ii.     Oxalic  Acid. 

29.  This  acid  is  found  in  some  fruits,  and  in  considerable  quantity 
*  juice  of  the  Oxalis  Acetosella^  or  wood-sorrel ^  and  in  the  varieties 
mbarb.     It  is  most  readily  procured  by  the  action  of  nitric  acid 

sugar,  and  has  hence  been  termed  acid  of  sugar. 
may  be  obtained  by  introducing  into  a  retort  4  ounces  of  nitric  acid 
sd  with  2  of  water  and  1  ounce  of  white  sugar ;  nitric  oxide  gas  is 
msly  evolved,  and  when  the  sugar  has  dissolved,  about  one-third  of 
cid  mav  be  distilled  over :  the  contents  of  the  retort  are  then  emp- 
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Me,  and  no  precipitate  it  formed  by  tartaric  acid,  or  bj  tartrate  of  po- 
tassa,  in  solutions  of  iron. 

1708.  TartrtUe  of  Iran  and  Potatsa.  This  is  the  Ferrum  tartarias* 
turn  of  the  PharmacapiBidy  but  it  is  most  conveniently  employed  as  a 
medicine  in  solution,  which  may  be  formed  by  digesting  1  part  of  soft 
iron  filings  with  4  of  tartar ;  this  mixture  should  be  made  into  a  fUh 
paste  with  water,  and  digested  for  some  weeks,  till  the  acid  is  neatr»i 
lized,  fresh  portions  of  water  being  occasionally  added  to  prerent 
exsiccation.  The  solution  of  this  compound,  which  contains  the  iron 
in  the  state  of  peroxide,  is  possessed  of  some  curious  properties,  firrt 
pointed  out  by  Mr.  R.  Phillips. — Experimental  Examination  if  At 
London  Pharmacopmay  98* 

1709.  Tartrate  of  Zinc  is  formed  by  adding  tartrate  of  potassa  to 
sulphate  of  zinc,  and  appears  to  be  a  very  difficultly  soluble  compound. 

1710.  Tartrate  of  Tin.  Tartrate  of  potassa  occasions  a  white  pre- 
cipitate in  the  protomuriate  and  permuriate  of  tin. 

1711.  Tartrate  of  Potat$a  and  Tin  is  formed  by  boiling  the  oxide  in 
solution  of  tartar ;  it  is  very  soluble,  and  the  addition  of  dcalis  and 
their  carbonates  occasion  no  precipitates.-— Thehard,  AnnaUi  dt  Ckm. 
xxtviii. 

1712.  Tartrate  of  Copper  is  produced  by  adding  tartaric  acid  to  sd- 
phate  of  copper.     It  forms  bluish-green  crystals. 

1713.  Tartrate  of  Potassa  and  Copper  is  formed  by  boiling  oxide  of 
copper  and  tartar  in  water ;  the  solution  yields  blue  crystals  on  erapo- 
ration ;  or  if  boiled  to  dryness,  furnishes  one  of  the  pigments  cimS 
Brunswick  green. 

1714.  Tartrate  of  Lead  is  thrown  down  in  the  form  of  an  insolnUe 
white  powder  on  adding  tartaric  acid  to  solution  of  nitrate  of  lead.  Its 
composition  has  already  been  adverted  to  (1693). 

1715.  Tartrate  of  Potassa  and  Lead  is  formed,  according  to  The- 
nard,  by  boiling  a  mixture  of  tartar  and  oxide  of  lead  in  water.^-ySa- 
nales  de  Chim.,  xxxviii. 

1716.  Tartrate  of  Antimony  has  not  been  examined. 

1717.  Tartrate  of  Antimony  and  Potassa.  Emetic  Tartar.  This 
compound  may  be  obtained  by  boiling  protoxide  of  antimony,  obtained 
by  any  of  the  processes  formerly  described  (907)  with  pure  sapertar- 
trate  of  potassa.  It  is  the  antimonium  tartarizatum  of  the  London 
Pharmacopaia, 

Emetic  tartar  may  be  prepared  by  boiling  a  solution  of  100  parts  of 
tartar  with   100  parts  of  finely  levigated  glass  of  antimony,  or  of  the 

!>rotoxidc  described  above  (907)  ;  the  ebullition  should  be  continued 
or  half  an  hour,  and  the  filtered  liquor  evaporated  to  about  half  its 
bulk,  and  set  aside  to  crystallize  :  octoedral  and  tetraedral  crystals  of 
the  emetic  salt  are  thus  obtained ;  and  there  is  generally  formed  along 
with  them  a  portion  of  tartrate  of  lime  and  potassa,  which  is  deposited 
in  small  tufls  of  a  radiated  texture,  and  which  may  easily  be  separated 
when  the  mass  is  dried. 

Mr.  Phillips,  in  his  Experimental  Examination  of  the  London  Phat' 
inacopaia^  has  stated  several  facts  respecting  the  formation  of  this  sdt, 
which  will  be  found  useful  to  the  manu&cturer. 

Emetic  tartar  is  a  white  salt,  slightly  efflorescent,  soluble  in  about 
14  parts  of  cold  and  2  parts  of  boiling  water.  It  is  decomposed  by  the 
akdis,  and  when  heated  with  ammonia,  a  portion  of  protoxide  of  an- 
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timony  is  thrown  down,  and  a  very  soluble  compound  remains  in  the 
liquor.  Solphuretted  hydrogen  and  hydrosulphuret  of  ammonia  pro- 
duce  orange-colonred  precipitates  in  its  solution.  It  is  decomposed  by 
bitter  and  astringent  vegetable  infusions,  but  they  do  not  render  it  in- 
active as  a  medicine.  Mr.  Phillips  has  shown  that  emetic  tartar  con- 
sists of  100  supertartrate  of  potassa  +  66  protoxide  of  antimony.  If 
we  consider  it,  with  Dr.  Thomson,  (iSyttef/i,  ii.  670.)  as  a  compound  of 
2  proportionaJs  of  tartaric  acid,  2  of  protoxide  of  antimony,  and  1  of 
potassa  ;  or  as  containing  I  proportional  of  tartrate  of  potassa  and  1  of 
subtartiate  of  antimony,  its  components  will  stand  thus  : 

Tartaric  acid 67  X  2  =  134 

Protoxide  of  antimony  .  56  X  2  ^^^  112 
Potassa s=    48 
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1718.  Tartrate  of  Bismuth  has  not  been  examined,  but  moist  oxide 
of  bismuth  boiled  with  tartar  forms  a  difficultly  soluble  triple  salt. 

1719.  Tartrate  of  Cobalt.  Tartrate  of  potassa  forms  no  precipitate 
in  solutions  of  cobalt,  but  their  colour  is  much  heightened  by  it. 

1720.  Tartrate  of  Uranium  is  a  very  soluble  salt,  not  easily  crystal- 
lizable. 

1721.  Tartrate  of  Titanium  appears  to  be  a  soluble  compound. 

1722.  Tartrate  of  Cerium^  according  to  Hisinger  and  Berzelius,  is 
formed  by  adding  tartrate  of  potassa  to  sulphate,  nitrate,  or  muriate  of 
cerium.  It  is  a  soft  tasteless  powder,  soluble  in  nitric,  muriatic,  and 
sulphuric  acids,  and  in  the  alcalis. 

1723.  Tartrate  of  Nickel^  formed  by  digesting  moist  oxide  of  nickel 
in  tartaric  acid,  is  a  very  soluble  salt ;  tartaric  acid  occasions  no  preci- 
pitate in  the  soluble  salts  of  nickel. 

1724.  Tartrate  of  Mercury.  Tartaric  acid  occasions  white  precipi- 
tates in  all  the  solutions  of  oxide  of  mercury  not  containing  excess  of 
acid. 

1725.  Tartrate  of  Potaesaand  MercuryiA  formed,  according  to  The* 
nard,  by  adding  solution  of  tartar  to  nitrate  of  mercury. 

1726.  Tartrate  of  Silver.  Tartaric  acid  occasions  no  change  in  ni- 
trate of  silver,  but  tartrate  of  potassa  forms  a  white  precipitate,  which 
is  probably  a  tartrate  of  silver. 

1727.  Tartrate  of  Silver  and  Potassa  is  thrown  down  by  adding  tar- 
tar to  nitrate  of  silver. 

1728.  Tartrate  of  Mumina  is  a  soluble  uncrystallizable  compound  of 
an  astringent  flavour. 

ii.    Oxalic  Acid. 

1729.  This  acid  is  found  in  some  fruits,  and  in  considerable  quantity 
in  the  juice  of  the  OxcUis  Acetosella^  or  wood'sorrelj  and  in  the  varieties 
of  rhuharb.  It  is  most  readily  procured  by  the  action  of  nitric  acid 
upon  sugar,  and  has  hence  been  termed  acid  of  sugar. 

It  may  be  obtained  by  introducing  into  a  retort  4  ounces  of  nitric  acid 
diluted  with  2  of  water  and  1  ounce  of  white  sugar ;  nitric  oxide  gas  is 
copiously  evolved,  and  when  the  sugar  has  dissolved,  about  one-third  of 
the  acid  may  be  distilled  over :  the  contents  of  the  retort  are  then  emp- 
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tied  into  a  shallow  vessel,  and  in  the  coarse  of  two  or  three  iays  a» 
abundant  crop  of  white  crystals  is  deposited,  and,  upon  further  evapo- 
ration of  the  mother-liquor,  a  second  portion  is  obtained.  The  whole 
crystalline  produce  is  to  be  re-dissolved  in  water,  and  again  crystallised, 
by  which  the  pure  add  is  obtained.  In  this  way  sugar  yields  rather 
more  than  half  its  weight  of  oxalic  acid. 

1730.  Oxalic  acid  thus  procured  is  in  the  form  of  four-sided  prisms, 
transparent,  and  of  a  very  acid  taste  :  they  dissolve  in  two  parts  of 
water  at  60<^,  and  in  their  own  weight  at  212".  When  carefully  dried, 
they  (all  to  powder,  and  lose  more  than  one-thiiNf  of  their  weight,  be- 
ing composed,  according  to  Berzelius,  {Ann,'  de  {^Unii  Loui.)  of 

Real  acid 52 

Water 48 

100 

1731.  By  repeated  distillation  with  nitric  acid,  oxalic  acid  is  resolv- 
ed into  carbonic  acid  and  water ;  and  the  acid  itself,  and  the  salts  con- 
taining it,  as  is  the  case  with  the  other  vegetable  acids,  are  decompos- 
ed by  heat.  By  distilling  oxalate  of  lime.  Dr.  Thomson  found  the 
acid  resolved  into  five  new  substances ;  namely,  water,  carbonic  acid, 
carbonic  oxide,  carburetted  hydrogen,  and  charcoal ;  and  by  a  very 
elaborate  analysis  of  these  gases,  he  determined  the  composition  of  the 
acid  as  follows : 

Oxygen 64 

Carbon 32 

Hydrogen    ......      4 

■..  ■■-■"'.  ^ 

100 

which  numbers  do  not  quite  correspond  with  those  given  by  Gay-Los- 
sac  and  Thenard  (p.  17). 

1732.  The  number  representing  the  oxalic  acid,  founded  upon  Dr. 
Wollaston's  analysis  of  the  bmoxalate  of  potassa,  (Phil.  Trans.  1804.) 
and  upon  Berzelius's  analysis  of  the  oxalate  of  lead,  {Annalei4^  Cki' 
mie,  No.  243.)  is  about  37.7.  According  to  the  latter  chemist,  oxs- 
late  of  lead  consists  of  100  oxalic  acid  -f  296.6  oxide  of  lead,  and 

296.6  :   100  ::   112  :  37.7 
The  number  deduced  from  the  mean  of  the  best  analyses  of  oxalate 
of  lime,  is  37.7  ;  and  accordingly,  38  may  without  material  error  be 
adopted  as  the  representative  number  of  oxalic  acid,  and  the  composi- 
tion of  the  oxalates  will  be  obvious  accordingly. 

1733.  Oxalate  of  Ammonia  is  a  very  useful  test  for  the  presence  of 
lime.  It  crystallizes  in  long  prisms,  of  which  45  parts  require  1000  of 
water  for  their  solution.  Added  to  any  soluble  compound  of  lime  this 
salt  produces  an  insoluble  oxalate  of  lime. 

1734.  Oxalate  of  Potassa  forms  flat  rhomboidal  crystals  soluble  in  3 
parts  of  water  at  60«.  It  consists  of  38  acid  +  48  potassa.  This  salt, 
dissolved  in  oxalic  acid,  produces  the  hinoxalate  of  potassa^  which  crys- 
tallizes in  four-sided  prisms,  and  consists  of  2  proportionals  acid  38  X 
2  =  76  -f-  48  potassa.  When  this  hinoxalate  is  digested  in  dilute  ni- 
tric acid,  a  portion  of  the  alcali  is  taken  up,  and  a  salt  remains,  consist- 
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ing  of  4  proportionals  of  oxalic  acid  38  X  4  ^  152  +  1  proportional 
potassa  S3  48.  This  is  the  quadroxalate  of  potMsa^  and  is  the  salt 
which  exists  in  the  wood-sorrel. 

1735.  Oxalate  of  iSbcia  is  sparingly  soluble  in  water,  and  separatee 
from  its  solution  in  small  crystalline  grains. 

1 736.  Oxalate  of  Lime,  This  compound  is  formed  by  adding  oxalic 
acid  or  oxalate  of  ammonia  to  any  solution  of  lime.  It  is  insoluble  in 
water,  and  in  excess  of  oxalic  acid,  but  dissolves  in  muriatic  and  nitric 
acids  :  hence  in  testing  acid  solutions  for  lime  by  oxalic  acid,  or  oxa- 
late of  ammonia,  the  excess  of  acid  should  be  previously  neutralized. 
This  oxalate  consists  of  38  acid  +  28  lime  =  66.  oxalate  of  lime  ;  or  of 

42.74  lime 
/i7.2r»  arid 


100.00 


Vogel's  analysis  gives 

43.75  lime 
56.25  acid 


100. 

Annals  of  Philosophy y  Vol.  v.  30. 

1737.  The  Oxalates  of  StronttOy  Baryta^  and  Magnesia^  are  very 
nearly  insoluble,  and  with  most  other  metallic  oxalates  may  be  formed 
by  double  decomposition.  They  consist  respectively  of  one  propor- 
tional of  each  of  their  components. 

1 738.  When  black  oxide  of  manganese  and  superoxalate  of  potassa 
are  triturated  together  and  moistened,  carbonic  acid  is  evolved  ;  and  on 
adding  more  water,  and  filtering,  a  red  solution,  containing  oxalic  acid, 
potassa,  and  deutoxide  of  manganese  is  obtained,  which  afler  a  time  be- 
comes colourless,  and  a  triple  salt  is  formed,  containing  the  protoxide 
of  manganese. 

1739.  Oxalate  of  hron.  The  protoxalau  rryntiilliKes  in  green 
prisms,  and  may  be  formed  either  by  digesting  the  metal,  or  dissolving 
the  protoxide  in  the  acid.  The  peroxalaie  is  thrown  down  from  the  per« 
muriate  or  persulphate  of  iron,  in  the  form  of  a  difficultly  soluble  yel- 
low powder,  which  is  taken  Up  again  by  excess  of  oxalic  acid :  hence 
the  use  of  this  acid  in  removing  iron-moulds  which  it  does  without  in- 
juring the  texture  of  linen. 

1740.  Oxalate  of  Zinc  is  formed  by  adding  oxalic  acid  to  a  soluble 
salt  of  zinc  :  it  is  a  white  powder,  nearly  insoluble. 

174U  Oxalate  of  Tin  is  formed,  according  to  Bergman,  by  digesting 
the  metal  in  the  acid :  the  solution,  slowly  evaporated,  gives  prismatic 
crystals. 

1742.  Oxalate  of  Copper.  Oxalic  acid  oxidizes  and  dissolves  cop^ 
per.  When  oxalic  acid  is  added  to  persulphate  or  pemitrate  of  cop- 
per, a  difficultly  soluble  peroxalate  (^  copper  is  thrown  down.  The 
theoretical  composition  of  this  salt  is  1  proportional  peroxide  of  cop- 
per =  80.  -f-2  of  oxalic  acid  76.  =  156. 

1743.  OxalaU  of  Copper  and  Ammtmia.  This,  and  several  other 
triple  oxalates  of  copper,  have  been  described  by  Vogel.    (Schweio- 
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GEii*B  Journal,  vii.)  Bj  digesting  peroxalate  of  copper  in  a  solationo 
oxalate  of  ammonia  and  filtering,  rhomboidal  crystals  were  obtaiaedoi 
evaporation,  which  detonate  when  suddenly  heated  :  when  filovV 
heated  they  merely  lose  water  and  ammonia.  From  the  analysis  ( 
this  salt  it  evidently  consists  of  2  proportionals  of  oxalate  ef  ammooii 
^'  1  peroxalate  of  copper,  and  6  water. 

By  digesting  oxalate  of  copper  in  caustic  ammonia,  and  pouring tb 
solution  thus  obtained  into  a  shallow  basin,  it  deposits  flat  six-side 
prisms  of  a  blue  colour,  which  effloresce  on  exposure  to  air.  The  oi 
dissolved  portion  of  the  oxalate  also  combines  with  ammonia,  and  pn 
duces  another  distinct  compound  Dr.  Thom^^on  has  given  the  /blkm 
ing  view  of  the  composition  of  these  salts.— -$2/«tcin  ii.,  624. 

JSL  Subipccici.    2d.  Subipeciei.    Sd.  SobiffCKf. 
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1744.  Oxalate  of  Copper  and  Potassa  is  obtained  by  digestiiig  peittr 
lionate  of  copper  in  solution  of  binoxidate  of  potassa.  Acicular  m 
rhomboidal  crvi^tals  are  formed,  which  V'ogel  considers  as  two  distiad 
salts. — Thomson's  System,  ii,,  020. 

1745.  Oxalate  of  Copper  and  Soda,  Vogel  has  also  described  tw( 
fubspecies  of  this  salt.-^ScHWEiGGER^s  Journal^  vii. ;  Taoiisojr,  ii.i 
C2J. 

174G.  Oxalate  of  Lead  is  thrown  down  in  crystalline  grains  oo  att 
in^  nxalir  acid  to  nitrate  of  lead.  Its  composition  has  alreadf  beci 
*tated  (1732). 

1747.  Oxalate  of  Antimony  has  not  been  examined. 

1748.  Oxalate  of  IJhmuth  i»  depor^ited  in  crystalline  grains,  whcn«o« 
lutioa  uf  ox.'ilic  arid  is  dropped  into  nitruti^  of  bi«muth. 

174D.  Oriiltifc  (f  Cobalt  is  an  insoluble  rod  powder,  precipilaled  b) 
oxalic  acid  from  solutions  of  cobalt. 

1750.  Oxalate  of  Uranium  is  a  soluble  compound. 

1751.  Oxidate  of  A'iekel  is  thrown  down  from  the  nitrate  la  tii^ 
form  of  an  insoluble  green  powder. 

1752.  Oxalate  of  Mercury  is  precipitated  from  the  nitrate  by  omIic 
acid.     It  is  scarcely  soluble,  and  detonates  when  heated. 

1753.  Oxalate  of  Silver  is  an  insoluble  while  powder,  which  blackcfli 
by  exposure  to  light.  It  is  precipitated  on  adding  oxalic  acid  to  nitnli 
of  silver,  and  is  soluble  in  nitric  acid. 

1754.  Oxalate  of  Alumina  is  easily  formed  by  dissolving  the  Devlf 
precipitated  earth  in  oxalic  acid  :  it  does  not  crystallize,  but  iiffordsOi 
evaporation  a  gelatinous  mass,  which  deliquesces  on  exposure. 

1755.  The  oxalic  acid  swallowed  in  larjrc  doses  is  an  active  p«^ 
and  fatal  ca^e.-?  are  not  uufrcquent  in  which  this  acid  is  taken  by  mi**^ 

Aftiidoi*  for  for  Epsom  salt.     The  instant  that  the  accident  is  discovered,  a  qn* 
ciiiieacid.    ^^y  Qf  powdered  chalk  diffused  in  warm  water  should  be  taktn,*'  ■ 
Tomitiug  excited  as  speedily  as  possible. 
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iii.     Citric  Acid. 

1756.  Citric  acid  is  obtained  by  the  foUowiog  process  from  lemon  or 
lime  juice : 

Boil  the  expressed  juice  for  a  few  miuutcs,  and  when  cold,  strain  it 
through  fine  linen  :  then  add  powdered  chalk  as  long  as  it  produces  ef- 
fervescence, heat  the  mixture,  and  strain  as  before  :  a  quantity  of  ci- 
trate of  lime  remains  upon  the  strainer,  which,  having  been  washed  with 
cold  water,  is  to  be  put  into  a  mixture  of  sulphuric  acid  with  20  parts 
of  water  :  the  proportion  of  acid  may  be  about  equal  to  that  of  the  chalk 
employed.  In  the  course  of  24  hours  the  citrate  of  lime  will  have  suf- 
fered decomposition,  and  sulphate  of  lime  is  formed,  which  is  separated 
by  filtration.  The  filtered  liquor,  by  careful  evaporation,  as  directed 
for  tartaric  acid,  furnishes  crystallized  citric  acid. 

The  preparation  of  this  acid  is  carried  on  by  a  few  manufacturers 
upon  an  extensive  scale ;  in  different  states  of  purity  it  is  employed  by 
the  calico-printers,  and  used  for  domestic  consumption.  Many  circum- 
stances which  have  not  here  been  alluded  to,  are  requisite  to  ensure 
complete  success  in  the  operation ;  these  have  been  fully  described  by 
Mr.  Parkes,  in  the  third  volume  of  his  Chemiccd  Essay9.  The  propor- 
tion of  citric  acid  afforded  by  a  gallon  of  good  lemon-juice,  is  about  8 
ounces. 

1757.  Citric  acid  forms  crystals  of  a  very  sour  taste,  soluble  in  their 
own  weight  of  water  at  60^,  and  containing,  according  to  Berzelius,  100 
real  acid  +  26.5  water,  a  portion  of  which  it  loses  by  exposure  to  heat. 
The  analysis  of  this,  as  well  as  of  the  other  vegetable  acids  given  by 
Berzelius,  differs  considerably  from  that  of  Gay-Lussac  and  Thenard, 
in  consequence,  as  it  would  appear,  of  the  latter  chemists  having  neg- 
lected the  exclusion  of  water  of  crystallization.  Berzelius  gives  its 
constituents  as  follow : 

Oxygen 54.831 

Hydrogen 3.800 

Carbon 41.369 


100.000 


1758.  From  the  analysis  of  citrate  of  lead^  the  representative  nnm- 
her  of  citric  acid  appears  to  be  59.4  ;  a  number  which  closely  corres- 
ponds with  Berzelius's  estimate  of  its  constitution,  which  is 

4  Proportionals  of  oxygen  ....  8  X  4  s  32 

3  «_*___  hydrogen  ...  1   X  3  =»     3 

4  .. carbon  ....  6  X  4  »  24 


69 


The  number  59.  therefore,  may  be  adopted. 

1759.  Citrate  of  Ammonia  crystallizes  with  difficulty  in  prisms. 

1760.  Citrate  of  Potaisa  is  very  soluble,  deliquescent,  aiid  difficultly 
crystallizable.  It  is  much  used  in  medicine  as  a  wjii  diaphoretic,  and  is 
the  Salt  of  Riverius  of  old  pharmacy. 
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1761.  Citrate  of  Soda  is  difficultly  crystallizable  in  hexftedral  tablei, 
of  a  saline  flavour,  and  soluble  in  somewhat  less  than  two  parts  of  cold 

water. 

1762.  Citrate  of  Lime  has  been  adverted  to  in  the  preparation  of  ci- 
tric acid.  It  is  nearly  tasteless,  and  scarcely  soluble  in  water,  but  rea- 
dily iciki^e  in  solution  of  citric  acid  :  when  moistened  it  floon  grows 
mouldy  if  exposed  to  air.     It  consists  of 

1  proportional  acid  s=  55.5 
1  — ^i—  lime  =s  26.6 


82. 
100  parts,  therefore,  of  citrate  of  lime  may  be  regarded  as  compos- 
ed of 

67  citric  acid 
33  lime 

100 

1763.  Ciiraic  of  Baryta  is  diffialtly  soluble,  and  forms  acicoiar  cryi- 
tals,  readily  soluble  in  excess  of  nitric  acid. 

1764.  Citrate  of  SirorUia  is  crystallizable  and  soluble. 

1765.  Citrate  of  Magnesia  does  not  crystallize. 

1 766.  Citrate  of  Manganete  is  formed  by  digesting  moist  protoxide  of 
manganese  in  citric  acid ;  it  produces  white  arborescent  crystals. 

1767.  Citrate  of  Iron,  I'he  action  of  citric  acid  on  the  oxides  of 
iron  has  not  been  examined. 

1768.  Citrate  of  Zinc.  Zinc  dissolves  in  citric  acid  with  eferre^' 
rence  :  citric  acid  readily  dissolves  the  oxide  of  zinc,  and  the  solution 
deposits  small  crystals,  scarcely  soluble  in  water,  and  of  an  astrii^;e&t 
taste. 

1769.  Citrate  of  Tin.  Neutral  citrate  of  potassa  forms  no  precipi- 
tate either  in  protomuriate  or  permuriate  of  tin. 

1770.  Citrate  of  Copper.  Citric  acid  forms  a  pale  blue  precipitate 
in  solution  of  sulphate  and  nitrate  of  copper. 

1771 .  Citrate  of  Lead  is  thrown  down  in  the  state  of  a  nearly  inso- 
luble powder  when  citric  acid  is  added  to  nitrate  of  lead.  It  consists 
of 

59.4  acid 
112.     oxide 


171.4 


1772.  Citrate  of  Antimony  is  unknown. 

1773.  Citrate  of  Bismuth  is  an  insoluble  white  compouud. 

1774.  Citrate  of  Cobalt  appears  to  be  a  soluble  salt. 

1776.  Citrate  of  Uranium^  formed  by  digesting  oxide  of  uranium  in 
citric  acid,  is  a  soluble  and  difficultly  crystallizable  salt. 

1776.  Citrate  of  JS''ickel  is  not  thrown  down  by  adding  either  citric 
acid  or  citrate  of  potassa  to  the  solutions  of  nickel. 

1777.  Citrate  of  Mercury.  Both  the  protocitrate  and  percitrafe  of 
mercury  are  insoluble,  and  thrown  down  when  citric  acid  or  u  soluble 
citrate  is  added  to  the  solutions  of  mercury. 

1778.  Citrate  of  Silver  is  an  insoluble  white  powder,  which  blackens 
by  exposure  to  light. 
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ir.    Malic  Acid. 

1779.  The  exifltenc^  of  a  peculiar  acid  in  the  juice  of  apples,  was 
shown  by  Scheele,  in  1785.  He  obtained  it  by  adding  solution  of  ace- 
tate of  lead  to  the  expressed  juice  of  unripe  apples,  by  which  a  vialaie 
of  lead  was  formed,  and  afterwards  decomposed  by  sulphuric  acid, 
vauquelin  obtained  it  by  a  similar  process,  from  the  juice  of  the  house- 
Itek.  The  same  acid  exists,  according  to  Braconnot,  in  the  berries  of 
the  mountain-ashy  from  which  it  was  first  obtained  by  Mr.  Donovan  in 
1815,  and  called  hy  him $orhi€ acid;  the  apparent  differences  between 
the  malic  and  sorbic  acids,  are  referable  to  the  impurities  of  the  former. 
Mr.  Donovan  has  given  the  following  process  for  its  preparation.  {PhiL 

Trans, ,  1815.)  Express  the  juice  of  the  ripe  berries,  and  add  solution  How  •butaia 
of  acetate  of  lead,  filter,  and  wash  the  precipitate  with  cold  water,  then 
pour  boiling  water  upon  the  filter,  and  allow  it  to  pass  through  the 
precipitate  into  glass  jars ;  after  some  hours  crystals  are  deposited, 
which  are  to  be  boiled  with  2.3  times  their  weight  of  sulphuric  acid, 
specific  gravity  1,090.  The  clear  liquor  is  to  be  poured  off,  and, 
while  still  hot,  a  stream  of  sulphuretted  hydrogen  is  to  be  passed 
through  it,  to  precipitate  the  remaining  lead ;  the  liquid  is  then  filtered, 
a^  when  boiled  so  as  to  expel  the  sulphuretted  hydrogen,  is  a  solu- 
tion of  the  pure  vegetable  acid. 

Malic  acid  may  also  be  obtained  by  steeping  sheet-lead  in  the  juice 
of  apples  ;  in  a  ft^.w  days,  crystals  of  malatn  nf  lead  form,  which  may 
be  couected  and  decomposed  by  the  very  careful  addition  of  dilute  sul- 
phuric acid. 

1780.  Malic  acid,  when  carefully  prepared,  is  a  colourless  liquid,  Pn>p«rti«». 
very  sour,  and  not  susceptible  of  crystallization.     It  forms  crystalliza- 

ble  salts  with  many  of  the  metalhc  oxides,  which,  however,  have 
scarcely  been  examined  with  such  precision  as  to  enable  us  to  deter- 
mine the  representative  number  of  malic  acid.  A  detailed  account  of 
what  is  known  respecting  them  will  be  found  in  M.  Braconnot's  Me- 
moir, {Annales  de  Oiim.  et  Phys,,  Tom.  vi.)  His  analysis  of  the  crys- 
tallized malatt  of  lead  gives  its  composition  thus : 

Acid 100. 

Oxide  of  lead   .  .     157.4 

If  we  deduce  the  number  for  the  acid,  from  this  datum,  it  will  be 
71.1,  a  number  which  closely  corresponds  with  the  other  analyses  of 
the  same  author. 

1781.  The  ultimate  component  parts  of  this  acid,  according  to  Vau 

quelin,  are 

Hydrogen 16.8 

Carbon 28.3 

Oxygen 54.9 

lOO.e 

V.     Gallic  Acid. 

1782.  This  acid  derives  its  name  from  the ^/-fi«^  whence  it  wis  first  :^«'  ^  •»•» 
procured  by  Scheele.     It  may  be  obtained  by  the  following  protest : 
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Digest  bruised  galls  in  boiling  water,  with  about  one-sixtli  their 
weight  of  vellum  cutting?,  for  some  hours  ;  then  allow  the  mixture  to 
cool,  and  filter  it.  Add  to  the  liUored  liquor  a  solution  of  acetate  of 
lead,  as  long  as  it  occasions  any  precipitate  ;  pour  the  whole  npon  • 
filter,  wash  the  precipitate  with  warm  water,  and  digest  it  in  very  di- 
lute sulphuric  acid  ;  filter,  and  having  saturated  the  clear  liquor  with 
chalk,  evaporate  to  dryness.  Introduce  the  dry  mass  into  a  retort 
placed  in  a  sand-bath,  and  upon  tlic  application  of  heat  a  portion  rf 
water  will  first  rise,  and  aAerwanlri  a  crystalline  sublimate  of  gallic 
acid. 

1 783.  There  are  many  other  processes  for  obtaining  this  acid,  among 
which  the  following  deserve  notice  :  Moisten  bruised  gall-nuts,  and  ex- 
pose them  for  four  or  five  weeks,  to  a  temperature  of  about  80*.  A 
mouldy  paste  is  formed,  which  is  to  be  squeezed  dry,  and  digested  in 
boiling  water ;  it  then  afibrds  a  solution  of  gallic  acid,  which  may  be 
whitened  by  animal  charcoal,  and  which,-  on  evaporation,  yields  gsdlic 
acid,  crystallized  in  white  needles. — BRACoffNOT,  Antudes  dt  Chim.  it 
Phys.,  Tom.  iz.  181. 

Hoil  an  ounce  of  powdered  galls  in  IC  ounces  of  water  down  to  8, 
and  strain ;  dissolve  2  ounces  of  alum  in  water,  precipitate  the  alumina 
by  carbonate  of  potassa,  and,  after  edulcorating  it,  stir  it  into  the  de- 
coction ;  the  next  day  filter  the  mixture ;  wash  the  precipitate  willi 
warm  water,  till  this  will  no  longer  blacken  sulphate  of  iron  ;  mix  the 
washing  with  the  filtered  liquor,  evaporate,  and  the  gallic  acid  will  be 
obtained  in  acicular  cryntali. — Fedler,  Ure's  Dictimwry. 
•rtpcrtiti.  1784.  Gallic  acid,  when  pure,  is  in  whitish  crystals,  of  a  sour  taste, 
and  which  exhale  a  peculiar  smell  when  heated,  it  dissolves  in  about 
10  parts  of  water  at  60*,  and  in  two  parts  at  2\2^.  It  is  also  soluble 
in  alcohol  and  in  ether.  When  repeatedly  sublimed,  this  acid  is  alter- 
ed andin  part  decomposed.  It  consists,  according  to  Berzelius  {Jinnafs 
of  Philoaophyy  Vol.  v.)  of 

Hydrogen 5.00 

Carbon 56.64 

Oxygen 38.36 


100.00 

And,  according  to  the  same  authority,  gallate  of  Icad'n  composed  oi' 

Gallic  acid 100 

Oxide  of  lead 174 

These  proportions  give  the  number  64.3  as  the  representative  of 
gallic  acid. 

1785.  The  combinations  of  pure  gallic  acid  with  metallic  bases  have 
scarcely  been  examined,  and  consequently  we  have  no  accurate  chemi- 
cal history  of  the  gallate$.  Their  solutions  are  all  very  prone  to  de- 
composition, and  acquire  a  deep  brown  colour.  This  acid  forms  no 
precipitate  in  solutions  of  potasi^a  or  of  soda,  but  when  dropped  into 
lime-water,  barytii  water,  orstrontia  water,  it  occasions  the  sepanition 
of  a  difficultly  soluble  gallate  of  those  earths.  It  also  causes  a  precipi- 
tate in  solutioDs  of  zirconia,  glucina,  and  yttria. 


SAU.U>  ACIB. 

tTSS.  When  u  inTiuion  of  galls  i*  added  to  certain  metallic  idu- 
tions,it  rorm^  precipiUtes  composed  of  tannin,  gallic  acid,  and  the  lae- 
tallic  oxide,  and  as  Ibese  are  ol'len  of  different  coloun,  the  infiuion  ii 
emplo3«ed  as  a  test  Ibr  such  inet;il«.  The  folUiwing  aietala  in  solution 
are  tliu9  thrown  down,  of  the  annesed  colours 


METAL.             1                     S»LL*TiON.                                      PKECIJ-ITATE.               I 

MANGANESE          1   N-SL«t.l  pru;,„,.ri.w                            \  t3n,  yd\^                                        | 

JRUW.     -    . 

1  Neulr.l  j.ruli*il|,hilf                          1   Parp(« 

Dbl.    .    .     . 

1  f  ccm^'^Mo                                            1  IVfW 

■nac.  .  . 

1    Mmi.«                                                   1   Hirlr  r.ll« 

Tin     .   .   . 

1  A.J  p«,o-url.«                                1  e«-.=.,.„ 

t)[llr.     .     .     , 

LAbMIUH 

1  Mu-..»                                                   1           . 

COPPER 

1     PlBljlDUri.l.                                                             1     V.||,*l.™*d 

n,i.„  .   .   . 

1   P.miMK                                               1  Gf^.»r.«, 

LEAD     .    , 

1  Klmw                                             |T>i„„,tii»« 

AVriMONT 

1   T»n™is  of  •Bllmaajr  •nJ  polaii.      ]   Suaw  colour 

BIsMuTH  . 

j  T««l««fV«~uth«dp>l.B.       1  lf,lla-.nJ«Fi«,. 

COBALT     . 

1  HuriUi                                                   1  0 

UaANIUM 

|a.ipb.i.                             .|  Biouhhuck 

TITANIUM 

1   Acldn^-ri...                                         1   B™-u 

I.i,U,     .     .     . 

1  NcDt«l  5ulpli»Mi                              1  BleoJntJ 

CERIUM      - 

1                                    1  r.ii.-i.i. 

TELLURIUM 

1                                                         1  Y.llo* 

AkflBNlC  . 

)  iVhiK  ..i-L.                                          1  LilU.  ■^^.Mg. 

Di.ta     .     .     . 

1  Anwoli  «id                                     1  0 

HOl.rBOEN 

H 

1                                                                   1  B«-« 

NICKEL      . 

1  BJph.l.                                           1  0"« 

MtRCLlRY 

DUla     .     ,     . 

Piu.    .    .    . 

CsmxifatublmnU                              |  0 

OSMIUM      . 

1  AiiUHHB  kIdCoii  sr  nida                   1  Varflt  bKomio;  bliH 

RHODIUM 

faLLadIuM 

siLVeK,    . 

1  Nllni.                                            1  <;.rdr  ud  bro.n  .ncr  uw>  <;»• 

GOI,B      ,     . 

jM<i^>M                                                  |rcepbn,«D 

PLATrNUM 

500  BCMoie  leid. 

■ 

The  omitted  mebb  m  either  not  precipitated,  orth^  aetimi\« 
ftot  been  examined. 

1787.  Of  these  compoonds,  the  lowiogfiUattf  of  iron  n  of  the  moat 
fanportance,  u  fonningthe  basis  of  writiBf  ii^,  and  of  Uack  dyes. 

When  an  infbsion  of  gpdb  is  dropped  into  a  solution  of  snlphate  of 
iron,  it  prodoces  a  deep  purple,  precipitate,  which  is  a  Terf  Icng  tine 
hisnbsi&ig;  it  becomes  black  by  exposure  to  air.  In  writing^  ink,  tiiis 
precipitate  is  retained  in  suspension  by  mucilage,  and  the  fbllowiag 
proportions  appear  the  best  which  can  be  used. 


Finely  bmisAd  pdls,  3  ounces 
Green  vitriol  (protosiilphale  of  iron) 
Logwood  sharings 


Gum  arable,  of  each  1  ounce 
Vinegar,  1  quart. 


Pat  these  ingredients  into  a  bottle,  and  agitate  them  occasionallj 
during  twelve  or  fourteen  days ;  then  allow  the  coarser  parts  to  settle, 
and  pour  off  the  ink  for  use. 

Tne  tendency  of  ink  to  become  mouldy  is  much  diminished  by  keep* 
ing  a  few  cloves  in  the  ink-bottle,  or  by  dissolving  in  each  pint  of  the 
Ink  about  three  grains  of  corrosive  sublimate. 

The  colour  of  common  writing-ink  is  apt  to  fiide,  in  consequence  of 
the  decomposition  of  its  v^etable  matter ;  and  when  thus  illegible,  it 
*  may  often  be  restored  by  washing  the  writing  with  vinegar,  and  subse- 
quently with  infusion  of  galk.  Acids  also  destroy  its  colouring  matter, 
and  those  inks  which  resist  their  action,  contain  some  other  colouriog 
principle,  usually  finely  powdered  charcoal.  Common  writing  ink  is, 
for  this  reason,  much  improved  by  dissolving  in  the  quantity  above- 
mentiqned  about  an  ounce  of  Indian  ink  which  is  lamp-black  made 
into  a  cake  with  isinglass. 

In  dyeing  black,  the  stuff  is  first  impregnated  with  a  solution  of  the 
gall-nut,  and  afterwards  the  colour  is  brought  out  by  the  application  of 
sulphate,  or  acetate  of  iron  (1611.) 

Upon  these  subjects  much  valuable  information  wiU  be  found  in 
Lewis's  Philosophical  Commerce  of  the  Arts^  and  iu  Aikin's  Dictionsrif, 

1788.  In  the  PhiloM.  Trans,  for  1817,  I  have  described  the  proper- 
ties of  a  species  of  galls  from  China,  which  furnish  very  pure  g^ic 
acid,  and  which,  could  they  be  abundantly  obtained,  would  certainly 
prove  a  valuable  substitute  for  common  galls,  in  many  of  the  processes 
in  which  they  are  employed. 

vi.  Benzoic  Acio. 

■ 

1789.  Benzoic  acid  maybe  obtained,  by  sublimation  {romk  benzoin^ 
tvhich  is  a  resinous  exudation  from  the  Siyrax  benzoe  of  Sumatra  ;  it 
also  exists  in  the  Balsam  of  Peru  and  of  Tolu,     If  these  substances  be 

How  sbiiifleaheated  in  a  crucible,  with  a  cone  of  paper  attached  to  its  mouth,  the 
acid  condenses  in  it  in  fine  acicular  crystils,  which  were  formerly  c^- 
ed  flowers  of  benzoin,  A  good  process  for  procuring  this  acid  is  that 
recommended  by  Mr.  Hatchett,  which  consists  in  digesting  benzoin  in 
sulphuric  acid,  when  it  affords  a  copious  sublimate  of  pure  benzoic 
mcid.  {Additional  Experiments  on  Totintn,  PhiL  Trans.^  1808.)  It 
may  also  be  obtained  by  boiling  a  pound  and  a  half  of  powdered  ben- 
*oin  with  4  ounces  of  quicklime,  m  6  or  8  quarts  of  water.    When 
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cold  the  clear  liquor  is  decanted,  and  the  residuum  again  boiled  in  half 
the  former  quantity  of  water.  The  liquors  thus  obtained  are  boiled 
down  to  half  their  bulk,  filtered,  and  mixed  with  muriatic  acid,  as  long 
as  it  occasions  a  precipitate,  from  which  the  liquor  is  poured  off,  and 
when  dry  it  is  put  into  an  earthen  ?essel,  placed  in  a  sand  heat,  and 
Mblimed  into  paper  cones. 

In  the  tenth  volume  of  Nicholsons's  Journal  I  have  detailed  several 
Kperiments  on  benzoin,  and  have  shoum  the  relative  quantity  of  acid 
afforded  by  the  several  processes  which  have  been  recommended  for 
obtaining  it. 

1790.  Benzoic  acid,  when  it  has  been  thus  sublimed,  is  in  the  formchancun. 
of  soil  feathery  crystals,  of  an  acrid  and  slightly  sour  taste,  soluble  in 
about  30  parts  of  boiling  water,  and  very  sparingly  soluble  in  cold  wa- 
ter.    It  is  much  more  soluble  in  alcohol,  and  this  solution  easily  fur- 
nishes it  in  prismatic  crystals. 

1791.  Berzelius'  analysis  gives  the  following  as  the  components  of 
this  acid,  and  of  the  benzoate  of  lead : 

Hydrogen 6.16 

Carbon 74.41 

Oxygen 20.43 

100.00 

Benzoic  acid 100  >  ^-o- 

Oxide  of  lead 94  J  ""*^* 

Whence  it  appears  that  the  representative  number  of  benzoic  acid  is 
119. 

1792.  Benzoate  of  Ammonia  forms  deliquescent  plumose  crystals, 
rary  soluble  in  water.  Berzelius  recommends  this  salt  as  a  precipi- 
tant of  iron,  which  it  throws  down  of  an  orange  colour. 

1793.  Benzoate  of  Potaaaa  is  a  very  soluble  deliquescent  salt  ;  if  it 
be  digested  with  benzoic  acid,  a  bibenzoate  ofpotaasa  results,  which,  ac- 
K^rding  to  Bucholz  (^Annalet  de  Chimiey  Ixxxiv.)  forms  acicular  and  la- 
mellar crystals,  requiring  ten  parts  of  water  for  their  solution. 

1794.  Benzoate  of  Soda  forms  efflorescent  crystals,  very  soluble  in 
water. 

1795.  Benzoate  of  Lime  forms  acicular  crystals,  sparingly  soluble  in 
M>ld  water.  Vauquelin  found  this  salt  in  the  urine  of  the  cow.  Bcn- 
Eoate  of  ammonia  forms  a  copious  white  precipitate  when  added  to  mu- 
riate of  lime,  which  is  soluble  in  hot  ii^ater. 

1796.  Benzoate  of  Baryta  is  soluble  and  crystallizable. 

1797.  Benzoate  of  Strontia  is  also  a  soluble  salt. 

1798.  Benzoate  of  Magnetia  forms  soluble  plumose  crystals. 

1799.  Benzoate  of  Manganese  forms  beautiful  prismatic  crystals. 

1800.  Benzoate  of  Iron.  Benzoate  of  ammonia  forms  an  insoluble 
f$rhetuoate  when  added  to  solutions  of  peroxide  of  iron,  of  a  yellow 
Goloar :  in  the  protosalts  of  iron  it  also  forms  a  white  precipitate. 

1801.  Benzoate  of  Zinc  forms  soluble  acicular  crystals  when  there 
ii  excess  of  acid  :  the  neutral  benzoate  is  insoluble. 

1802.  Benzoate  of  Tin  is  insoluble. 

1803.  Benzoate  of  Copper  is  a  fine  blue  insoluble  compound. 

1804.  Benzoate  o/*  Lead  is  insoluble  except  ther^  be  exc^M  of  acid; 
Bt  then  forms  nacreous  crystds. 


1805.  Benzoaie  ofBhmnA  fenM  wiste  aeieiibr  eryttakt 
in  Ike  air,  seloble  in  water,  and  aparini^y  sohible  in  alcohol.    (TmoMm- 
90BP,  Atm.  de  Ckim  ,  xi.)    When  bensoale  of  aflunoaia  it  added  to  adi 
nltnite  of  bianath,  it  fcma  an  inBoKiblo  nWle  predpttato ;  Ttnw 
dorTfl  adt  tterefere  ia  {nohaMr  a  ^AeaJoale. 

1806.  Bm^a9aU  ofCobali.  BeoEoate  of  ammonia  Ibtiaa  m  rndft- 
tate  inarttttiooa  of  cobalt. 

1807.  Benzoaie  of  C^nmtifoi  ia  a  difficoHly  aoloble  attMr-cokwral 
componnd,  when  fbnned  bj  adding  benzoate  of  anuKmia  to  nitrate  of 

uranium. 

1808.  Benzoaie  ef  AteM.  Solationa  of  nickel  a^  only  rendered 
aUghtlj  turbid  by  benzoate  of  ammoma,  benzoate  of  nickel  ia  proba* 
Vtj  tiberefbre  a  solnble  salt. 

1809.  Benzoaie  of  Mercury.  Benzoio  add  foraui  white  predpitatet 
in  the  aolntions  of  mercury. 

1810.  Benzoate  of  Silver  ^  obtained  by  digeating  moist  oxide  of  silver 
in  benzoic  acid  forms  acicukr  crystals  ;  but  benzoate  of  ammonia  IbraH 
an  abundant  insoluble  precipitate  in  solution  of  nitrate  of  silver. 

1811.  Benzoate  of  Mmnina  forms  arborescent  crystals. 


Besides  the  vegetable  adds  which  have  now  been  described,  there 
are  a  few  others  of  considerably  inferior  interest  and  importance; 
namely,  the 

1812.  JIforoafy/te  octd,  discovered  by  Klaproth,  in  the  bark  of  the 
moms  dlba^  or  white  mulberry  (Nicholsoit's  Joumidj  vii.)  An  exuda- 
tion was  observed  upon  this  ban,  which  proved  to  be  a  compound  of 
a  peculiar  acid  and  lime,  or  a  tnoroxylate  of  lime ;  its  sohition  waa  de> 
composed  by  acetate  of  lead,  and  the  tnoroocylate  of  lead  thus  obtamed 
decomposed  by  dilute  sulphuric  acid,  furnished  a  solution  of  moroxylic 
acid,  which  gave  acicular  crystals  on  evaporation.  This  acid  has  the 
taste  of  succinic  acid ;  it  is  soluble  in  water  and  alcohol,  and  does  not, 
like  some  of  its  salts,  form  precipitates  in  metallic  solutions.  The 
quantity  of  this  acid  examined  by  Klaproth,  was  so  small  as  to  leave 
some  doubt  respecting  its  distinct  nature. 

1813.  Boletic  acid  was  obtained  by  Braconnot  from  the  boletus pseudo- 
ignarius  (^Ann.  de  Chim,  Tom.  Ixxx.)  by  cautiously  evaporating  iti 
expressed  juice  to  the  thickness  of  syrup,  digesting  it  in  alcohol,  dissolv- 
ioig  the  residue  in  water,  and  adding  nitrate  of  lead  to  the  aqueous  so- 
lution ;  the  precipitate  washed  and  diffused  through  water,  was  dccon- 
posed  by  sulphuretted  hydrogen;  the  liquor  was  then  filtered  and 
evaporated  till  it  formed  crystals,  which  were  purified  by  solution  in 
alcohol  and  evaporation.  These  crystals  are  boletic  acid  ;  they  are 
prismatic,  and  require  180  parts  of  water  at  68^,  and  46  of  alcohol  for 
their  solution,  which  reddens  blues  and  precipitates  nitrate  of  lead, 
and  the  salts  containing  the  peroxide,  but  not  those  of  the  protoxide  of 
iron.  This  acid  sublimes  with  littie  alteration,  when  heated.  Bracon- 
not has  examined  the  boletates  of  ammonia^  potassay  lime^  and  baryta^ 
but  his  researches  have  not  as  yet  been  confirmed  by  any  otiier  chemist. 
—Thomson's  Syst.  eOi  edit.  ii.  167. 

1814.  Fungtcacid  was  procured  by  the  same  chemist  from  the 
boletus  juglandis,  and  some  other  fund ;  it  is  deliquescent  and  unciys- 
taUizable.— ^JSltlla/e<  de  Chimie,  Ixxxvu. 

1816.  ESnic  acid  was  discovered  by  Vauquelin,  in  Gnehona^    When 
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a  stroi^  cold  iofbaion  of  this  bork  is  set  aside,  cfjrstals  otkinate  of  lime 
are  sparingly  deposited  by  it,  which  may  be  decomposed  by  oialic  acid. 
The  kinic  acid  is  crystsdlizable,  sour,  and  bitter  :  the  kinaUs  are  tat 
the  most  part  soluble  salts  ;  it  is  chiefly  distingaished  by  fbrnuDg  no 
precipitate  in  solations  of  lead  and  silver. — AnnaUs  d€  Ckimity  lix. 

1816.  In  the  astringent  root  of  the  Krameria  triandra,  M.  Peschier 
has  announced  the  existence  of  what  he  considers  as  a  distinct  sobstance, 
which  he  calls  krameric  acid, — Journal  de  Pharmacie^  vi. 

1817.  M.  Braconnot  has  given  the  term  Ellagic  acid  (from  the  word 
galle  reversed)  to  an  acid  body  which  he  has  detected,  along  with  gallic 
acid,  in  infusion  of  galls,  but  its  characters  have  been  bat  Imperfectly 
ascertained. 

1818.  Zumic  acid  was  discovered  by  the  same  chemist  in  vegetable 
substances,  which  have  undergone  acetous  fermentation*— Thomsok's 
Sy$t.  Vol.  U.  p.  189. 


SsGTioii  XVIIL    Of  the  ParUofPUmU. 

1819.  In  the  preceding  Sections  the  principal  proximate  components 
of  vegetables  have  been  described,  and  the  composition  of  some  of 
their  detached  parts  has  been  adverted  to  ;  such  of  these  as  have  not 
been  previously  noticed  and  as  have  been  examined  with  any  degree  of 
precision,  remain  to  be  described  iq  this  Section  under  the  heads  of 

Roots.  Seeds. 

Barks.  Fruits. 

Woods.  Bulbs. 

Leaves.  Lichens. 

Flowers.  Fungi. 

i.  Roots. 

1820.  a.  Ipecacuanha.  This  root  is  the  produce  of  the  Callicocoa 
Ipecacuanha  fLiNirjEAN  Trans,  vi.)  It  has  been  examined  by  BiM. 
PeUetier  and  Majendie,  and  an  account  of  their  researches  is  publish- 
ed by  M.  Robiquet,  in  the  Annales  de  Chimie  et  Phy9,  iv.  172.  100 
|Mrts  of  this  root,  deprived  of  the  woody  fibre  which  traverses  it» 
centre  afforded 

Fatty  matter 2 

Emetine 14 

Gum 16 

Starch 18 

Woody  fibre 48 

A  trace  of  wax 

Loss ^ 

100 

The  means  of  separating  the  emetic  principle  have  already  been 
described  (1595). 
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1821.  h.  Vakrian^  the  rootof  tte  FaUruma  ^uiaUt,  haft  bees 
examined  by  Tronumdorf  (AmaUi  de  CkimU^  Ixz.)  The  recent  root 
loses  about  three-fourths  its  wei|jbt  in  drying.  It  affords,  when  distilt 
ed  with  water,  an  aromatic  vol^e  oil  f  jk  also  eontaina  starclit  gun, 
resin,  and  extractiTe. 

IBSS.  e.  Tmmurie  is  the  root  of  the  Ckremma  huga^  a  plant  coki- 
rated  itt  the  Eait  Indies,  and  used  as  a  condimeat,  •esyeriallyin  Cbrry 
povtder.  Digested  in  water  or  alcohol,  it  furnishes  a  lane  proportioa 
of  yellow  coloaiing  matter,  which  would  be  very  osefiu  to  the  dyer, 
could  it  be  rendered  permanent  Most  of  the  acids  render  it  paler» 
and  the  alcalis  change  it  to  a  deep  brick-red ;  hence  its  use  as  a  test 
of  the  presence  of  alcaline  jmatter.  It  is  also  reddened  by  boracic  acid, 
ai^  by  mufiafir  acid  gas. 

Idfe.  d.*  Madder  is  the  root  of  the  SmUa  Tmetorum^  and  is  an  arti- 
cle of  great  importance  in  dyeing ;  it  grows  wild  in  VMMt  parts  of  the 
•outfa^  of  Enrope,  and  is  largely  cultiTated  in  some  parts  of  Holland 
and  t^  Leyant ;  its  red  colour  is  apt  to  be  injured  by  drying,  a  process 
requiring  much  caution.  Good  madder  has  a  strong  and  peculiar  smell ; 
it  exhibits,  when  cut,  a  cortical  and  a  woody  part  of  a  red  colour,  in- 
termixed in  the  former  with  yellow  spots.  The  red  portion  is  moit 
soluble. — ^AiKiir's  JPtctfsaary.  Art.  Dyxing.  Bbrtbollet,  lUetm,  dc 
Teinturty  ii. 

1824.  e.  Rkubart  is  the  root  of  the  Rheum  palmaium^  hurgely  culti- 
Tated in  the  northern  parts  of  China  ;  its  colour  is  brown,  with  streaks 
of  red  and  white.'  The  following  are  the  component  parts,  separable 
from  the  finest  kmds  of  Turkey  rhubarb. — ^B&avde,  Quarfe riy  Jonnial 
^  Sci€9ue  Oful  ike  Arts,  x.  291. 

Water 8.2 

Gum 31.0 

Resio. 10.0 

Extract,  tan,  and  gallic  acid.     .     .  26.0 

Phosphate  pf  lime 2.0 

Malate  of  lim^ 6.5 

Woody  fibre 16.S 

100.0 

1825.  Liauoricej  the  root  of  the  Glycyrrhita  glabra,  has  been  exam- 
ined by  M.  Kobiquet,  who  found  in  it  the  following  substances.— gfii- 
nales^ae  Chimie,  Ixx. 

i.  Starch, 
ii.  Gluten, 
iii.  Liquorice  sugar. 

iy.  Phosphate  and  malate  of  lime  and  magnesia. 
.  .  ▼.    An  acrid  oil. 

yi.  A  crystallizable  substance  resembling  asparagin. 
vii.  Woody  fibre. 

* 

.The  sugar  is  soluble  in  water  and  in  alcohol,  but  not  conrertible  intp 
alcohol  by  fermentation ;  nor  into  cxxaiic  add  by  the  action  of  nitric 
acid. 
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1 826.  Jcdap^  the  root  of  the  Qmvolvulut  Jala f pa ^  is  employed  in  me* 
dicine  as  a  cathartic.  It  is  imported  from  South  America.  It  has  not 
been  submitted  to  any  accurate  chemical  analysis,  but  its  activity  is  ge- 
nerally regarded  as  chiefly  resident  in  its  resin.  The  finest  and  dens- 
est  jalap  affords  about  12  per  cent  of  resin,  when  digested  in  alcohol ; 
water  takes  up  about  SO  or  35  per  cent,  of  the  remainde^,  and  the  re- 
sidue appears  to  be  inert  woody  fibre. 

1 827.  Gentian  is  the  rOot  of  the  Gentiana  Ivtea ;  according  to  Mr. 
Henry  {Annals  of  Philosophy y  xvi.  89,)  it  contains  the  following  sub- 
stances : 

i.     A  substance  resembling  bird-lime. 

ii.   A  resin  combined  with  an  oil,  which  gives  to  gentian  its  pecu- 
liar odour.  e 
iii.  A  bitter  extractive  firinciple. 
iv.  Gum  and  colouring  mutter. 
V.  Phosphate  of  lime  ? 

iL  Barks. 

1828.  o.  Cinchona,     The  varieties  of  Peruvian  bark  have  been  ex-CiDchom  im. 
amined  by  MM.  Pelletier  and  Caventou.     In  the  cinchona  lancifolia,  or  ^^^^*^  ^^ 
pale  bark,  they  found  the  following  constituent  parts : 

i.     Cinchonine,  combined  with  kinic  acid. 

ii.    Green  fatty  matter. 

iii.  Red  and  yellow  colouring  matter. 

iv.   Tannin. 

V.    Kinate  of  lime. 

vi.  Gum. 

vii.  Starch. 

viii.  Lignin. 

1829.  Cinchonine,  according  to  the  above  chemists,  is  a  salifiable 
base,  forming  white  acicular  crystals,  and  requiring  7000  parts  of  wa- 
ter for  solution  ;  dissolved  in  alcohol  it  has  a  bitter  taste,  it  is  difficult- 
ly soluble  in  the  fixed  and  volatile  oils  and  in  ether. 

1830.  Sulphate  of  Cinchonine  is  easily  crystalUzable,  and  moderately 
soluble  ;  it  consists  of 

Cinchonine 100 

Sulphuric  acid 13 

1 83 1 .  Muriate  of  Cinchonine  is  much  more  soluble  than  the  sulphate, 
and  contains 

Cinchonine •     100 

Muriatic  acid 7.9 

1832.  JWrra/e  o/*  CificAonitJ  appears  to  be  uncrystalllzable.  Gallic, 
oxalic,  and  tartaric  acids  form  difficultly  soluble  salts  with  cinchonine  ; 
the  precipitate  occasioned  by  dropping  tincture  of  gaUs  into  infusion  of 
pale  bark  is  a  gallate  of  Cinchonine, 

1833.  In  the  yellow  bark  {cinchona  cordifolia)  MM,  Pelletier  and  g^jJ^^K**'*'- 


red. 
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Caventou  discovered  a  salifiable  base,  which  they  terai  Qtitiiifie,  tht 
sulphate  of  which  is  composed  of 

Q^ainine 100 

Snlpharic  acid ,      10.9 

1834.  AcUaU  of  Qvinine  forms  bundles  of  flat  acicular  crystals, 
while  the  corresponding  salt  of  cinchonine  crystallizes  in  small  tables. 
The  gaUaity  oxcuate^  and  tartrate  of  quinine^  are  nearly  insoluble,  hot 
quinine  is  very  soluble  in  sulphuric  ether. 
objoRiifoiia,  1835.  In  the  red  bark  (cinchona  oblongifolia)  the  two  salifiable  bases 
above  described  are  founa  united. — ^^rterly  Journal  of  Science  and 
the  Artt,  x.  388. 

1836.  h.  CascarUla^  the  bark  of  the  Croton  Eleutheria  contains,  ac- 
cording to  Trommsdorfif — Annales  de  CTU'tnae,  xzii. 

Mucilage  and  bitter  principle    864 

Resin 688 

VolaUle  oil 72 

Water 48 

Woody  fibre 3024 

4696 

1837.  c.  The  bark  of  the  horse  chestnut  (JEsculus  hippocastanumy'i 
has  been  partially  examined  by  M .  Henry  {Annales  de  Chimiey  Ixxvii.) 
It  appears  to  contain  scarcely  any  resin ;  water  and  diluted  alcohol 
dissolve  nearly  the  whole  of  its  soluble  contents,  which  are  chiefly 
extractive  and  mucilage.  Tincture  of  galls  does  not  render  its  infusion 
turbid,  it  does  not  therefore  probably  contain  the  peculiar  substances 
discovered  in  Peruvian  bark. 

iii.  Woods. 

1838.  a.  Brazil  Wood  is  the  produce  of  the  CcBsalpina  crista^  grow- 
ing in  Brazil,  in  the  Isle  of  FraDce,  Japan,  and  other  countries  :  the 
wood  is  hard  and  heavy,  and  though  pale  when  recent,  it  acquires  a 
deep  red  colour  by  exposure.  Digested  in  water  it  afibrds  a  fine  red 
infusion,  of  a  sweetish  flavour  ;  the  residue,  which  appears  nearly 
black,  imparts  much  of  its  colour  to  alcaline  liquors.  With  alcohol  it 
gives  a  deep  red  tincture  :  alcalis  and  soap  convert  its  red  colour  to  a 
fine  purple,  hence  paper  tinged  with  Brazil  wood  is  sometimes  used  as 
a  test  for  alcalis  ;  acids  render  it  yellow  ;  alum  produces  a  fine  crimson 
lake  with  infusion  of  Brazil  wood  ;  muriate  of  tin  forms  with  it  a  crim- 
son precipitate,  bordering  on  purple  ;  the  salts  of  iron  give  a  dingy 
purple  colour.  Sulphuretted  hydrogen  destroys  the  colour  of  infusion 
of  brazil  wood,  but  it  re-appears  on  expelling  the  gas. — Cuevrevl, 
Jinnales  dc  Chimie,  Ixvi. 

1839.  6.  Red  Sandal,  or  Saunders,  is  the  wood  of  the  Ptcrocarpvs  san- 
talinus,  a  native  of  several  parts  of  India.  Its  deep  red  colouring  mat- 
ter is  insoluble  in  water,  but  readily  soluble  in  alcohol ;  it  is  chiefly 
employed  for  colouring  a  few  pharmaceutical  tinctures.  The  insolu- 
bility of  its  colouring  principle  in  water  furnishes  a  ready  mode  of  dis- 
tinguishing betweeu'it  and  brazil  wood ;  and  its  solnbility  in  alcohol 
renders  it  probable  that  it  is  of  a  resinous  natare. 


1840.  c.  Logwood,  tlie  produce  of  the  /fotivKoasioH  campechiartum, 
has  already  beon  noticed  as  containing  a  peciilisi  colouring  principle 
(1586).  It  imparts  a  fine  purple  i>r  crimson  colour  to  pvre  wuter,  but 
iis  lint  is  altered  by  the  slightest  metiilUc  impregnation  ;  alciilis  deepea 
it,  and  acids  render  i(  piiler  ;  alum  forms  with  it  a  violet-  ■ojourea  lake  ; 
sulphate  of  iron  renders  the  infusion  of  logwood  'lecp  purp.'",  or  new- 
ly black  :  sulphate  of  copper  and  acetate  of  lead  throw  ilown  brown 
and  purple  precipitates  ;  and  muriate  of  tin  precipititles  the  whole  of 
the  colouring  matter,  in  the  form  of  a  piirple  compound.  Thecoloitrx 
which  logwood  produces  are  for  the  most  part  very  perishable. — Bin: 
CROFT,  on  PtTBinntnt  CWivHn,  ii.  338.  CimvaEiri,,  AmaitH  dt  Cktmit, 
Ixvi.  25 J. 

iv.  Leaves. 

1841.  a.  Senna.  According  to  Lagrange  {^Anuaht  de  Clumie,  xxn.) 
the  leaves  of  the  Cassia  senna  are  characterized  by  containing  a  pecu- 
liar  estraclive  principle,  which,  by  long  boiling,  passes  into  a  resiaoas 
■ubstauce,  in  consequence  of  absorbing  oxygen ;  they  alao  contain  s 
resin  which  resists  the  action  of  water,  and  is  soluble  in  alcohol ;  the 
whole  of  the  soluble  matter  amoiinls  to  about  one-third  the  weight  of 
the  senna.  In  the  London  Medical  Repoiitorjit  Vol.  xv.,  169,  the  ef- 
fects of  the  various  re-agenta  on  infusion  of  senna  are  detailed  by  Mr. 
Batley. 

184S.  b.  J^ighlskndt.     The  leaves  of  the  Alropa  £e//atf anna  con taia, 
irding  to  Vauquelin  {.Tnnulea  de  Chimit,  Uidi), 
i.  Vegetable  albumen. 
iL  A  bitternarcotic  principle, 
iii.  Nitrate,  muriate,  Eulphale,  hinoXalate,  and  acetate  of  po> 

Dr.  Brandes  has  announced  the  existence  of  a  new  vegetable  nicali 
in  this  plant,  which  he  calls  atropta.     It  forms  brilliant  acicular  crys- 
tals, tasteless,  and  difficulty  soluble  in  Water  and  alcohol.     It  affords  dis- 
tinct salts  with  the  acids  ;  the  Sulphate  of  Atropia  consists  of 
Sulphuric  acid  .     .     .     .     i     ....     36.53 

Atropia 38.93 

Water 24.55 

itw.oo 

1843.  e.  HijOtcyamvs  J'J'iger.  OT  Henbane.  In  the  leaves  of  this  plant 
Dr.  Brandes  has  also  ascertained  the  presence  of  a  peculiar,  and  high- 
ly poisonous  saliliablc  base  which  he  calls  hyoicyama.  With  the  acids 
it  forms  characteristic  salts  ;  it  crystallizes  in  long  prisms. 

v.  Flowers. 

1844.  The  colouring  matter  of  most  flowers  is  extremely  fugitive, 
and  is  generally  rourh  changed  by  mere  exsiccation.  They  usually 
communicate  their  colour  to  wtfer  ;  the  infusion  of  blue  dowers  ii  ge- 
nerally reddened  by  acids,  and  changed  to  green  or  yellow  by  alcalis  ; 
th^  of  yellow  flowers  is  made  paler  by  acids,  and  nicalis  render  it 

—Jitovia ;  the  red  infusion  of  many  Howers  is  exalted  in  tint  by  acids, 
bid  changed  to  purple,  and  in  ttorae  instances,  to  green  by  alcalis. 
K   It  is  probable  that  one  and  the  same  principle  gives  colour  to  eeve- 
K  3  Y 
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tal  of  the  blue  and  red  flowers,  Irat  that  the  presence  of  acid  in  the 
latter  produces  the  red ;  the  petals  of  the  red  rose,  triturated  with  a 
little  carbonate  of  lime  and  water,  gi^e  a  blue  liquor ;  alcalis  render  it 
green,  ap<i  dcida  restore  the  red. 

184d^  A  colouring  matter^  analogous  to  that  of  the  yiolet,  exists  in 
the  petals  of  red  clover,  in  the  red  tips  of  those  of  the  common  daisj, 
of  the  blue  4iyacinth,  the  holly-hock,  lavender,  in  the  inner  leaves  of 
of  the  artichoke,  and  in  numerous  other  flowers  ;  reddened  by  an  acid, 
it  colours  the  skin  of  several  plums,  and  the  petals  of  the  scarlet  gera- 
nium and  pomegranate.  9ome  flowers  which  are  red,  become  blue  by 
merely  bruising  them  ;  this  is  also  the  case  with  the  colouring  naatter 
of  red  cabbage  leaves,  and  of  the  rind  of  the  long  radish.  Mr.  Smith- 
son  has  suggested  that  the  reddenine  acid  is  in  these  cases  the  carbon- 
iCf  which  escapes  on  the  rupture  of  the  vessels  which  enclose  it. 

1846.  The  petals  of  the  conmion  corn-pappy^  rubbed  upon  paper,  gire 
a  purple  stain,  little  altered  by  ammonia  or  carbonate  of  soda,  but  made 
green  by  caustic  potassa.  The  infusion  of  poppy-petab  in  very  dilute 
muriatic  acid,  is  florid  red  ;  chalk  added,  renders  it  of  the  colour  of 
port  wine ;  carbonate  of  soda  in  excess  gives  the  same  colour,  but  ex- 
cess of  potassa  changes  it  to  green  and  yellow.  The  expressed  juice 
of  the  black  mulberry  possesses  nearly  the  same  properties. — Smith- 
son,  Phil.  Trans.  1818,  110. 

1847.  The  flowers  of  the  carthamus  tinctoriusy  or  fo^oirer,  culti- 
vated chiefly  in  Spain  and  the  Levant,  contain  a  yellow  colouring  mat- 
ter, easily  soluble  in  water,  and  a  red,  soluble  in  alcohol  and  weak  al- 
cs^ine  liquors  ;  the  latter  only  is  employed.  Rovge  is  the  red  colour- 
ing matter  of  the  carthamus,  obtained  by  digesting  the  washed  flowers 
in  solution  of  carbonate  of  soda,  and  adding  lemon  juice,  which  throws 
it  down  in  the  form  of  a  fine  powder,  which  is  dried  and  mixed  with  a 
portion  of  powdered  talc  ;  carthamus  is  also  used  for  dyeing  silk. 
The  details  of  the  analysis  of  carthamus  will  be  found  in  the  Essays  o( 
Dufour  and  Marchais. — Annales  de  Chimie,  xlviii. 

vi.  Seeds. 

1848.  Starch  is  an  essential  component  of  the  greater  number  of 
seeds,  and  it  is  generally  united  in  them  with  a  variable  portion  of  glu- 
ten, and  often  of  fixed  and  of  volatile  oil.  The  component  parts  of 
wheat-flour,  and  of  several  esculent  grains,  have  already  been  stated 
(1581,)  and  a  variety  of  curious  details  respecting  them  will  be  found 
in  Einhoff's  Papersy  in  Gehlen's  Journal. 

Sir  H.  Davy  has  also  examined  a  number  of  seeds,  with  a  view  to  de- 
termine their  relative  nutritive  powers  ;  the  results  of  his  experiment^ 
are  seen  in  the  table  at  the  end  of  this  section. 

1849.  Mmondsy  the  seed  of  the  amygdalus  communisy  consist  of  an 
albuminous  substance  and  oil  ;  the  latter  may  be  obtained  by  expres- 
sion, five  pounds  yielding  about  one  pound  of  cold  drawn  oil,  and  about 
a  pound  and  a  half  when  aided  by  heat.  The  bitter  almond  affords  by 
pressure  an  oil  analogous  to  that  from  the  former  ;  but  if  the  express- 
ed cake  be  distilled  with  water,  a  portion  of  volatile  oil,  eminently  pois- 
onous, and  smelling  strongly  of  the  almond,  is  obtained ;  this  oil  is  used 
as  a  flavouring  material  by  confectioners,  and  by  the  manufacturers  o( 
noyau.     In  the  Philosophical  Transactions  {or  1811,  Mr.  Brodie  has 
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iienh  iUuitrative  of  ita  action  as  a  poisoD, 
■  -dour,  it  appears  identical  neariy  with  hy. 

J  r  the  ervum  Itnt,  coDtain,  •ecftrding  to  Ein- 

7» 

44 

rhates .--.  82 

.iluble  in  alcohol 120 

SSO 

1260 

1433 

11 

3840 

The  eeedi  of  the  white  lupine  (luptniu  albut)  contain,  accord- 
>urcroy  and  Vanquelia  (Jnn.  dv  Muthtni,  No.  zxxri.).  gluten, 
^leen  acrid  oil,  wim  a  considerable  poitiMi  of  pbospate  of  lime 
igoeaia,  but  no  atarch  or  gngor. 

I.  Cg^ccitliesccil  uf  the  C^eaJra£Ma,haa  been  ezamined  both 
i^  and  roasted  state.  From  64partaof  rawcoSee,  Cadet  (Jmt. 
■lit,  Iriii.)  obtained 

Gum  -. - -      8. 

Retin  and  bitter  extract    ••----•--.      2.0 

Gallic  acid - 3,5 

Insoluble  matter 43.6 

Loss,  including  a  trace  of  albumen 7.0 

64. 

nn  has  given  the  following  comparstiTe  analyna  of  coffee  from 
iTant  and  from  Martinique  (Ckkll'i  .Simaii,  ii.),  the  reanlta  of 
differ  much  from  those  of  Cadet : 


Resin 74 

Extractive 320 

Gum 130 

Fibrona  matter 1336 
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n  coffee  is  roasted  it  nndergoes  a  peculiar  change  of  compoii' 
tended  by  tbe  formation  of  tan,  anaavolatile,  fragrant,  and  aro- 
•rinciple ;  but  in  thia  ttate  it  hai  not  been  examined  with  any 

Ml. 

i.  P«pp*r.  Tbe  seed  of  the  piptr  mgnun  has  not  been  aatii&c- 
malyzed  :  it  imparta  ita  acrimony  to  alcohol  and  to  water ;  it 
a  a  tpeciea  of  volatile  oil,  wjQi  itVGl}  m^  «ztr«c6Te  natter.-' 
ksox'g  Journal,  ii. 


Blf 


1054.  Jtftitteni*    The  Mei  of  fbe  Mf|w  mfm  derifM  ifti 
nyfrom  a  TobtileoU;  it ahiQ ceataiiit a tasiele«  fisod- «!, 
gnniy  and  traces  (^  Bulphor  and  earthy  falte. 

1866..  The  laedi  of  f^Ufeapodim^eknmtmi,  or  ctwwf  eM 
hare  hraa  analyzed  by  Bacholz.    (Gbhlbii's  Jtmm&lf  yi^    Fran 
lOOOIijIjrto  hifobUined 

Fixed  oil .  60 

•                      Smrar 90 

M^BB^ 16 

InsoloUe  residae 495 


■«■ 
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TUft  seed  had  the  appearance  of  a  fine  jeHow  powder,  which  defla- 
grmiwhen  projected  into  the  flame  of  a  candle ;  itis  nsed  in  theatrei 
to  imitate  lif^itning ;  and  the  German  apothecaries  employ  it  to  pre- 
Tent  the  adhesion  of  pills. 

1866.  Afmatta  is  the  produce  of  the  bixacreUmuh  « tree  ciiltiTated 
in  TariotM  parts  of  America.  When  the  ca|miles  are  ripe,  the  seedi 
are  bmised  and  steeped  for  seyerd  weeks  in  water,  until  converted 
into  a  pidp,  which  is  alhywed  to  pntre%,.  and  being  ^Uffused  throng  i 
fresh  portion  of  water,  is  heated  till  a.atnm  risies,*  which  is  successiTe- 
ly  removed  as  it  ferms,  and  being  careM^  dtiedi  is  made  ap  into  cakes, 
and  wrapped  in  palm  leaves  for  exportation. 

Anootta is  soluble  in  water  and  alcohol;  the  solutions  have  a  disa- 
greeable smell,  and  are  of  an  orange  colouir ;  alcalis  render  it  more  so- 
luble  and  increase  its  colour  :  alum  and  the  acids  separate  it  from  its 
solutions  in  the  form  of  a  yellow  sediment:  it  iS'^used  fiyr  dyeing  silk 
and  colouring  cheese. 

vii.  Fruits. 

Id67«  The  acid  matter  contained  in  fruits  is  either  the  tartaric  oxa- 
lic, citric,  or  malic  ;  or  a  mixture,  of  two  or  more  of  them ;  but  the 
Thjiir  eoa-    nature  and  proportion  of  the  acid  varies  at  different  periods  of  their 
"^  growth ;  giuten  and  starch  are  found  in  some  fruits,  and  a  gelatiniziDg 

substance,  which  has  sometimes  been  regarded  as  identical  with  animal 
jeHjs  but  which  is  probably  a  compound  of  gum  and  one  or  more  yege- 
table  acids. 

1868.  Most  of  our  common  Truits  also  contain  sugar,  and  it  exists  in 
all  thobe  the  juice  of  which  is  susceptible  of  vinous  ftrmentation.  In 
aome  fruits  the  quantity  of  sugar  is  increased  by  mMhiBg  and  exposure 
to  air ;  this  is  remarkably  the  case  with  soma  of  the  rough-flavoured 
apples  used  for  cider,  the  pulp  of  which  becomes  brown,  and  at  the 
same  time  sweet  by  a  few  hours'  exposure. 

1S59.  The  colouring  matter  of  fruits  seems  in  most  cases  to  bear  a 
vtrodg  resemblance  to  that  of  flowers.  The  red  juice  of  the  mul- 
berry was  found  tc»  exhibit  the  same  eluuracters  as  the  colouring  prin- 
dple  of  the  wild  poppy ;  catbonaled  alcalis  vender  it  blue,  but  caus- 
tic potassa  changes  it  to  green  and  yellow  :  the  juice  of  red  corraata, 
cherries,  elder  berries^  and  privet  berries,  and  the  skin  of  the  buck- 
thom  kmv,  appear  to  cootoin  a  similar  colouring  principle. 

1880.  The  unripe  berries  of  the  buckthorn  furnish  a  juice,  wUob, 
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under  the  name  of  sap  green.    It  is  soluble 
-^p^  fellow  by  carbonate  of  soda  and  caustic  potas- 

^^->^f|^^  ^£  and  carbonate  of  lime  restores  it  to  green, 

^^iiJ^ik>       ^obably  the  proper  colour  of  the  substance. 

^1^         Jb.,  1818,  p.  116). 
■-^         ^         f  itke  wild  cucumber  (^cucumis  elatenum)  hnoBhen 

rhich  deposits  the  powerful  cathartic  known  under 

0  ^         ^jm.     This  substance  occurs  in  commerce  in  thin 

^T  ||f>.  Jn  colour  and  bitter  taste ;  it  derives  its  cathartic 

0         *  '^        ^^^  portion  of  a  very  active  principle,  which  Dr. 

i^  ^lattn :  (Phartnacologiay  223, 3d.  Edit.)  from  10  grains 

obtained 

Water 0.4 

Extractive 2.6 

Fecula 2.8 

#    /        Gluten 0.5 

Woody  matter 2.5 

Elatin > 

Bitter  principle    -  -  ) 

10. 
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viii.    Bulbs. 

1862.  The  potatoe,  which  is  the  bulbous  root  of  the  tolanum  iuhero' 
(,  has  been  examined  by  Dr.  Pearson  and  by  M.  Einhoff ;  from  100 
yuts>  the  latter  chemist  obtained 


Starchy  matter  -  -  -  - 
Albumen  and  mucilage 


22 
5.4 

27.4 


The  aven^  quantity  of  nutritive  matter  contained  in  the  potatoc, 
rants  to  about  one-fourth  its  weight.  When  potatoes  become  sweet 
bj  exposure  to  frost,  a  portion  of  the  mucilage  passes  into  the  state  of 
toCBTy  for  Einhoff  found  the  quantity  of  starch  undiminished. 

1863.  GarliCy  or  the  bulbous  root  of  the  allium  sativumy  has  been 
examined  by  Cadet.     (^Jhm,  de  Ckim,,  lix.)     It  loses  by  drjring  about 
tiro-thirds  of  its  weight ;  its  juice  is  viscid,  and  very  slightly  sour ;  it 
yields  coagulated  albumen  when  heated,  and  when  distilled  with  water 
nmiahes  an  acrid  oil  having  a  strong  odour  of  garlic. 
.    1864.  The  bulb  of  the  Allium  Cepoy  or  Otiton,  has  been  analvzed 
Iqf  Fourcroy  and  Vauquelin  {Ann.  de  ChimiCy  Ixv.).     The  juice  of  this 
'  ffooty  when  exposed  to  a  temperature  of  about  70*,  forms  a  quantity  of 
viaegaT)  and  deposits  a  sediment  having  the  characters  of  gluten  com* 
Uned  with  oil  and  sulphur.    In  the  acetous  solution  is  contained  a  sub- 
atance  having  the  properties  of  manna,  and  which  is  probably  a  product 
«f  the  fermentation,  for  none  could  be  detected  in  the  recent  juice. 
•    1666.  Squilly  the  bulbous  root  of  the  SciUa  maritima  contains,  ac- 
cording  to  Vogel,  {Annales  de  Cfttm.  Ixxxiv.)  a  peculiar  bitter  principle, 
'  wfakh  he  terms  Scillitin,  combined  with  gum,  and  a  considerable  por 
of  tamin. 
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ix.     Lichens. 

1866.  There  are  several  lichens  which  abound  in  coloaring  natter; 
of  these  the  most  remarkable  is  the  lAchm  roceUa^  which  grows  iathi 
South  of  France  and  in  the  Canary  Islands,  and  which  affords  the  ban 
tiful  but  perishable  blue  called  liimuSf  arddly  or  tumnole.  The  im 
is  dried,  powdered,  mixed  with  pearlasb  and  urine,  and  allowed  to  fa 
ment,  during  which  it  becomes  red,  and  then  blue  ;  in  this  state  it  i 
mixed  with  carbonate  of  potassa  and  chalk,  and  dried.  It  is  ised  Cm 
dyeing  silk  and  ribands,  and  by  the  chemist  is  a  most  delicale  tHt  c 
acids,  which  it  indicates  by  passing  from  blue  to  red  ;  the  bhie  coba 
is  restored  by  akalis,  which  do  not  render  it  green.  Cudktor  appctf 
to  be  a  similar  preparation  of  the  litktn  tartoretif.-— BANcaoFT  m  ti 
louTBy  i.,  300. 

Mr.  Smithson  has  thrown  some  doubt  upon  the  use  of  alcalis  ia  tk 
precipitation  of  litmus,  for  he  found  its  tincture  produce  no  cbj^fs  o 
solutions  of  muriate  of  lime,  nitrate  of  lead,  muriate  of  platinn  ai 
oxalate  of  potassa ;  he  at  the  same  time  suggests  the  idea  of  its  bM| 
a  compound  of  a  vegetable  principle  with  potassa. — Phil.  Ttomm,^  1811 
p.  112. 

1867.  The  Lichen  Islandicus^  or  Iceland  Moss^  has  been  snbjectoll 
analysis  by  Berzelius.  {AnnalcB  de  Chtmte,  xc.)  He  obtained  fiwi  i 
the  mllowing  substances : 


Syrup 3.6 

Bi-tartrate  of  potassa \ 

Tartrate  of  lime J     1.9 

Phosphate  of  lime y 

Bitter  principle -     3.0 

Wax 1.6 

Gum 3.7 

Colouring  extract 7.0 

Starch ...«  44.6 

Insoluble  starchy  matter  -------  36.6 


102.0 
X.  Fungi  or  Mushrooms. 

1868.  M.  Braconnot,  who  has  lately  examined  many  fungi  witbii- 
nute  attention,  has  given  the  nameyui^^'fi  to  the  insoluble  spoogjftf- 
tion  which  they  contain,  and  which  in  many  respects  resembles  lipii: 
he  has  also  detected  in  them  two  peculiar  acids,  which  he  terms  Ai^ 
acid  (1814)  and  boletic  acid  (1813)  ;  the  method  of  extractii^  vhicft 
has  been  above  described.  A  pecuhar  fatty  matter,  or  adipocer.ltf 
been  found  by  Vauquelin  and  Braconnot,  in  several  of  the  fungi ;  ■ 
albuminous  substance,  and  salts,  some  of  which  are  boletatet  «id  fa- 
gates,  have  also  been  detected  in  them,  but  the  analyses  are  tooabstnffi 
and  the  results  too  complicated,  to  be  regarded  as  perfectly  satisfatoff' 
— Annaies  de  Chtmte,  baix.,  Ixxxv.,  ^c. 

1869.  The  following  table,  drawn  up  by  Sir  H.  Davy,  exhiMfa 
relative  proportions  gf  soluble  andof  MtrittTe  matter  conCaiBed  ia  M 


paria  of  the  different  vegetable  nubsttuicea  eoumerRteil  ii 
lump  (jlgricuitural  Chemiitry,  4lo.,  p.  131.): 


TEGCTjtBLESUBSTANCE. 

Wholf 
itlMc  or 

BUrch. 

M.tlc'  sr 

Albmcn. 

".°r.d'lni^ 
lublr  dun  XT 

Middlw.  Wbeu,  .T>r.si  crop       . 

&Ji'U.v,i„:::: 

Wkulfron  Polud 

.VonbAiBcriuiiWlHit 

Ntriotk  Sulni 

0.t>f«DSc.>Ji.nd 

RjtfnmTaktbirc 

L'gmXDii  Bcu 

3* 

no 

MO 

i 

LinK<dC>ke 

Wbil.  B«t 

ComnonTmlpi 

Sr»j3<w«d  Clgier 

Lonf-roowl  Clof <r 

Kt^-Fn-uliorM, 

PiRHEul  Rti  Orui 

Kirtili  ll«aaw  Qnn 

flo..tlil.hX»4o-OM     ,    .    .    . 
L-niul  Dix'i-Uil  Orui      .... 
Kplk«ir'KiHOm» 

Fi«in=«u,W««r 

Section  XIX.     Phenomena  and  Produeti  of  Fermrntation. 

1870.  TBEtetTn/ermenfnd'on  is  employed  to  signify  the  apontsneoui 
cbtmges,  which  certain  vegetable  Bolutions  undergo,  placed  under  cer- 
tain circumstaoces,  and  which  terminnte  either  in  the  prodaction  of  an 
intoiicating  liquor,  or  of  vinegar;  the  former  termination  coiutitotiiig 
vinov),  the  latter  acWousfermentatioa. 

The  principal  Biibstance  concemeil  in  vinous  fermentation  is  sugar; 
and  no  vegetable  juice  can  be  made  to  uader^  the  process,  which  does 
not  contaip  it  in  a  very  sensible  quantity.  In  the  production  of  beer, 
the  sugar  is  derived  from  the  mall ;  in  that  of  wine,  from  the  juice  ot' 
the  grape. 

lull.  In  the  mannfacture  of  beer,  the  mall  is  ground  and  infused  in 
themoi/i-run.in  rather  more  than  its  bulk  of  water,  of  the  temperature 
of  160*  or  180».  Here  the  mixture  is  stirred  for  a  few  hours  ;  the 
liquor  is  then  run  off,  and  more  water  added,  until  the  malt  is  exhaust- 
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ed.  These  infusions  are  called  wort,  and  its  principal  cunlcnts  m 
saccharine  matter^  starcJk,  nwcilagej  and  a  small  quantity  oi  f/atas, 
The  strength  of  the  wort  is  adjusted  hy  its  specific  gravity,  which  ii 
usually  found  by  an  instmment  not  quite  correctly  called  a  foccAarv 
meter y  since  it  is  influenced  by  all  the  contents  of  the  wort,  and  not  b] 
the  sugar  only.  Jt  is  a  brass  instrument,  of  the  shape  shown  ii 
the  margin,  so  adjusted  in  weight  as  to  sink  to  the 
point  marked  0^,  in  distilled  water,  at  the  tempera-  n 

ture  of  70^,  and  when  immersed  in  a  liquor  of  the  ^^' 

same  temperature,  end  of  the  specific  gravity  of 
1.100,  it  is  buoyed  up  to  the  mark  100,  just  above 
Hjrdromettr.  thc  bulb.  The  intermediate  space  is  divided  into 
100  equal  parts,  and  consequently  will  indicate  in- 
termediate degrees  of  specific  gravity.  This  is  the 
most  useful  form  of  the  instrument,  though  not  that 
in  common  use.  The  specific  gravity  of  the  wort 
for  ale  is  usually  about  1.090  to  1.100,  and  for  ta- 
ble-beer from  1.020  to  1.030. 

The  wort  is  next  boiled  with  hops,  amounting  up- 
on the  average,  to  ^^  the  weight  of  the  malt,  their 
use  being  to  cover  the  sweetness  of  the  liquor  by 
their  aromatic  bitter,  and  to  diminish  its  tendency 
to  acidify.  The  liquor  is  then  thrown  into  large, 
but  very  shallow,  vessels,  or  coolers ^  where  it  is 
cooled  to  about  50^,  as  quickly  as  possible;  it  is 
then  suffered  to  run  into  XheferineifUingvaty  having 
been  previously  mixed  with  a  proper  quantity  of 
ytast^  which  accelerates  fermentation,  apparently 
by  virtue  of  the  gluten  which  it  contains. 

In  the  fermenting  vessel,  the  difierent  substances 
hold  in  solution  in  the  liquor  begin  to  act  upon  each 
other  ;  an  intestine  motion  ensues,  the  temperature 
of  thc  liquor  increases,  carbonic  acid  escapes  in  large  quantities;  i 
length  this  evolution  of  gas  ceases,  the  liquor  becomes  quiet  and  da 
and  it  has  now  lost  much  of  its  sweetness,  has  diminished  in  specificgrt 
vity,  acquired  a  new  flavour,  and  become  int()xi eating. 

1872.  The  distillers  prepare  a  liquor,  called  -wash^  for  the  expic 
purpose  of  producing  from  it  ardent  spirits  ;  instead  of  brewinfll 
from  pure  malt,  they  chiefly  employ  raw  grain,  mixed  with  a  sai 
quantity  only  of  malted  grain  ;  the  water  employed  in  the  mashtuoii 
a  lower  temperature  than  that  requisite  in  brewing,  and  the  mHhi 
longer  continued  ;  by  which  it  would  appear  that  a  part  of  the  flan 
of  the  barley  is  rendered  into  a  kind  of  saccharine  matter.  The  wo 
is  afterwards  fermented  with  yeast. 

1873.  Wine  is  principally  procured  from  the  juice  of  the  grape,  a 
some  other  saccharine  and  mucilaginous  juices  of  fruits.  The  prindp 
substances  held  in  solution  in  grape  juice  are,  sugar ^  g^^^h  gl^temtM 
hi'tartrate  of  potassa.  It  easily  ferments  spontaneously  at  tempen 
tures  between  60^  and  80^,  and  the  phenomena  it  gives  rise  to  cloid| 
resemble  those  of  the  wort  with  yeast.  After  the  operation,  its  spec 
fie  gravity  is  much  diminished,  its  flavour  changed,  and  it  has  acquiie 
intoxicating  powers.  ^ 

1874.  If  a  mixture  of  1  part  of  sugar,  4  or  5  of  water,  andaliui 


yeait,  be  plnced  in  a  dtie  temperature,  it  also  soon  begins  to  ferment, 
aoil  gives  nae  to  the  same  products  as  wort  or  grape-juice  ;  and,  as  tlie 
free  admission  of  air  is  not  necCBsary  to  rinous  fermentation,  its  results 
may  easily  be  esumined  by  suflering  the  process  to  ffi  on  in  the  follow- 
ing appaiatiu  ;  consisting  of  u  matraia  containing  tlic  fermenting  mix~ 
ture,  with  a  bent  tube  ivjuiug  from  it,  and  passing  into  an  inverted  jar 
atandiog  in  water. 


It  will  thm  be  found  that  the  only  gaseous  product  is  carbonic  acid :  """f  P"* 
and  consequently,  that  carbon  and  oxygen  are  the  principles  which  thetHa'Diistr" 
saccharine  matter  loses  during  the  process. 

18Tfi.  When  any  of  the  above-mentioned  fermented  liquors  are  din. 
tilled,  they  afford  a  tpiritvovt  liipior ;  that  from  wine  is  termed  brantly  ; 
from  the  fermented  juice  of  the  sugar-cane  we  obtain  rum ;  and  from 
wash,  malt  ipirit;  and  these  spirituous  liquors,  by  re -distillation,  fur- 
nish tpiril  of  wt'ne,  aritnt  ipirit,  or  ateohal. 

1876.  The  different  fermented  liquors  furnish  very  different  pro- 
portions of  alcohol,  and  it  has  been  sometimes  supposed  that  it  docs 
not  pre-exist  to  the  amount  in  which  it  is  obtained  by  distillation  ;  but 
•ome  experiments  which  I  made  upon  the  subject,  in  18tl  and  1813, 
and  which  are  printed  in  the  Fhiloiophical  Trantactiont  for  those  years, 
tend  to  show  that  it  is  a  real  ednct,  and  not  fonned  by  the  action  of 
heat  upon  the  elements  existing  in  the  fermented  liquor.  I'hc  folloiv- 
H>g  Table  exhibits  tbe  proportion  of  alcohol,  specitic  gravity  .8126  at 
60",  by  measure,  existing  in  100  parts  of  several  kinds  of  wine  and 
other  liquors : 


26.47 
24.35 
S5.41 
26.40 


Ditto        .     -     .     - 
Average 

2.  Raisin  wine       -    - 

Ditto 26.77 

Ditto       .... 

Average 

3.  Harsala  -    -    ■    - 
Ditto       .... 

Average 


Ditto       .    •  - 

Ditto       -    -  - 

Ditto       -    -  - 

Ditto       -     -  - 

Ditto       -    -  - 
23.20                           Avei 

26.12  6.  Madeira       -  - 

26.03       Ditto       <    -  - 

26.06       Ditto  (Sercial)  - 
26.09     ■Ditto 


4.  Port 26.83  Arcragc 

Ditto S4.29  6.  Cnmnt  wise    -    • 

3Z 


23.71 
23.39 
22.30 
21.40 
19.00 
22.96 
24.42 
83  93 
21.40 
19.24 
2S.» 
SO.U 


m 
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8. 

9. 
10. 
11. 
12. 

13. 
14. 

15. 
16. 


17. 

18. 


PfoportioMorspivt 
parcanl.  \j  Bcmtara. 

7.  Sherry 19.81 

Ditto 19.83 

Ditto 18.79 

Ditto 18  25 

Average    -  19.17 

Teneriffe  -     -    -    -  19  79 

Colares       ....  19.76 

Lachryma  Chri8tf     -  19.70 

Constantia,  white      -  19.75 

Ditto,  red  -     -     -    -  18.92 

Lisbon 18.94 

Malaga 18.94 

Bocellaa     ....  18.49 

Red  Madeira  -     -     -  22.30 

Ditto 18.40 

Average    -  20.35 

CapeMaschat-    -     -  18.25 

Cape  Madeira-     -     -  22..94 

Ditto 20.50 

Ditto 18.11 

Average    -  20.51 

Grape  wine     -     -    -  18.11 

Calcavella-     -     -     -  19.20 

Ditto 18.10 

Average    -  18.65 

Vidonia 19.25 

Alba  Flora-     -     -    -  17  26 

Malaga 17.26 

White  Hermitage  -     -  17.43 

Rousillon 19.00 

Ditto 17.26 

Average    -  18.13 

Claret 17.11 

Ditto 16.32 

Ditto 14.08 

Ditto 12.91 

Average    -  15.10 

27.  Zante     -     -     :     -     -  17.05 

28.  Malmsey  Madeira      -  16.40 

29.  Lunel 15.52 

30.  Sheraaz      ....  15.52 

31.  Syracuse     -    -     -     •  15.28 

32.  Sauterne     -     -     -     .  14.22 

33.  Burgundy  ....  16.60 


rn^oHiOBftof  Spirit 
pwetoLbyi 


19. 
20. 


21. 

22. 
23. 
24. 
25. 


26. 


Ditto      -    - 

Pitto 

Ditto 

Average    - 

34.  Hock     ..... 

Ditto 

Ditto  (old  in  cask)     - 

Average    - 

35.  Nice 

36.  Barsac  -    -    -     .     .  13.89 

37.  Tent 13,30 

38.  Champagne  (still)  •  13.80 
Ditto  (sparkling)  -  -  12.80 
Ditto  (red)  -  •  -  12.66 
Ditto  (ditto)    •     .     -  11.30 

Aven^    -  12.61 

39.  Red  Hermitage-    -     -  12.3C 

40.  Vin  de  Grave  -  .  •  13.94 
Ditto 12.80 

Average    •  13.37 

4 1 .  Frontignac  (  Ri vesalte)  1 2.79 

42.  Cote  Rotie  ....  12^ 

43.  Gooseberry  wine  -     -  1 1.84 

44.  Orange  wine — average  of 

6    samples  made  by  a 

London  manufacturer  11.26 

45.  Tokay 9.88 

46.  Elder  wine       ...  8.79 

47.  Cider,  highest  average  9.87 
Ditto,  lowest  ditto       -  5.21 

48.  rerry^average  of 4  samp.  7.S6 

49.  Mead 7.32 

50.  Ale  (Burton)  -  -  -  8.88 
Ditto  (Fxlinburgh)  -  6.20 
Ditto  (Dorchester)     -  5.56 

Average      -  6.87 

51.  Brown  Stout    -    -     .  6.80 

52.  London  Porter  (average)   4.20 

53.  Ditto  small  beer  (ditto)  1 .28 

54.  Brandy        ....  53.39 

55.  Rum 53.68 

56.  Gin        51.60 

57.  Scotch  Whiskey         -  64.32 

58.  Irish  ditto        -     -     -  53.90 


1877.  The  principle  upon  which  the  intoxicating  properties  of  fer- 
mented liquors  depends,  and  which  exists  in  ardent  spirits,  is  in  its 
purest  form  called  alcohol,  It^ay  be  obtained  by  distilling  the  recti" 
Jied  tpirit  of  wine  of  conmierce,  with  one-fourth  of  its  weight  of  dry 
and  warm  carbonate  of  potassa^  about  three-fourths  may  be  drawn 
over.  There  are  other  substances  which  may  be  used  as  substitutes 
&r  the  carbonate,  especially  muriate  of  lime. 


ntOriKTin  OF  UCOHOL.  i 

tbol  thus  obtained  by  slow  and  careful  diatillRtioD,  is  a 

9  li<|aid,  of  an  agreeable  imelt,  and  a  strong  pangent 

specilir  gravity  raries  with  its  purity  ;  the  purest  obtain- 

ziilion  over  muriate  of  Itme  being  791  ;  as  it  usually  oc- 

1^20  at  60°.     If  rendered  as  pnre  as  possible  by  simple  dis- 

rcely  be  obtained  of  a  lower  specific  grarity  than 

Alcohol  tins  never  been  frozen,  and  cotiseqnently  is  particii- ai«ih1. 
efal  Id  the  construction  of  thennometers  intended  to  measure 
JT  tlegrces  of  rold.  Whenof  aspecitic  gravity  of  .8S5,  it  boils  at 
unpemture  uf  I76».the  barometrica)  pressure  being  30  inches. 
\  vacuum  of  ;in  air-pnmp  it  boils  at  common  tempemtures-  The 
&c  gravity  of  the  vapour  of  alcohol,  compHTcd  with  atmospheric 
I  1.613.— (lAV-LiTSSAC,  AnrutUt  de  Chimie  cl  Phyt.  Tom.  i. 
to.    Alcohol  may  be  mixed  in  all  proportions,  witli  _ 

,  and  the  specific  gravity  of  the  mixture  is  greater  a 

he  mean  of  the  two  liquids,  in  conseqaence  of  adinu~       X^^ 
I  of  bulk  that  occurs  on  mixture  as  may  be  shown  hy      (         1  ^**i'^ 
llowing  experiment :  V  ^  "•to- 

ft annexed  wood-cut  represents  a  tube  with  two  bulbs,       /^  N. 
aaicating  with  each  other,  the  upper  one  being  sup-      f  ) 

Hilh  a  well-ground  glass  stopper.     FiU  the  tulK  and 

bulb  with  water,  pour  alcohol  slowly  Into  the  upper 

ud  when  fuU  put  in  the  stopper.  The  vessel  will 
e completely  filled,  the  alcohol  lying  upon  the  water  ; 
t  inverted,  the  alcohol  and  water  will  slowly  mix,  and 
odensation  that  ensues  will  be  indicated  by  the  emp^ 

in  the  tube.  A  considerable  rise  of  temperature 
place  in  this  experiment,  in  consequence  of  the  con- 
ion. 

I.  The  strength  of  such  spirituous  liquors  as  consist 
e  eUe  than  water  and  alcohol,  is  of  course  ascertained 
or  specific  gravity  ;  and  for  the  purpose  of  levying 
upon  them,  this  is  ascertained  by  the  hydrometer ;  an 
nent  constructed  upon  the  same  principle  as  that  de- 
d  at  page  hSO.  But  the  only  correct  mode  of  ascer- 
;  the  specific  gravity  of  liquids,  is  by  wcigbiug  them 
ilicate  balance,  agaiost  an  equal  volame  of  pare  water, 
imlar  temperature  (W). 

i.  In  the  Pkitoiophicai  Ttan$aetiotu  for  1 794,  Hr  Gilpin  has  giv- 
lopious  and  valuable  series  of  taUes  of  the  specific  gravity  of 
'es  of  alcohol  and  water,  and  of  the  condensation  that  ensues, 
leveral  other  particulars.  These  are  extremely  useful,  as  ena- 
» to  ascertain,  without  difficulty,  the  relative  quantity  of  alcohol 
led  in  any  mixture  of  known  specific  gravity. 
:  original  tables  are  extremely  voluminous,  and  have  been  vari- 
ibridged  by  different  persons  ;  I  have,  however,  thought  it  most 
to  insert  two  of  them,  adapted  to  the  temperature  of  SO",  and 
he  reader  to  Mr.  Gilpin's  paper  for  those  calculated  at  other 
"atares. 
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TABLE  OF  TBC  S^lCtriC  O&JLFtTlT  OF 

TABLE 


Of  the  Specific  GravUy  and  Ckmpontum  of  Mixtures  <jf  Jkob 

Water  ai  ihe  Temperature  of  eO"". 


I. 

11. 

111. 

Spirit 

by 

IV. 

V. 

VI. 

V 

Spirit  and 

W*ief 
bv  Wcigkt 

Specific 

Water 

by 

Balk 

liMof 

8f 

.           ■ 

GimrHj-. 

Meware. 

Meuve. 

Mixture. 

Balk. 

JNr 

Sp.+W- 

by» 

100+  0 

.83500 

100 

100.00 

_ 

101 

1 

.82731 

— • 

0.83 

100.72 

0.11 

91 

o 

.82957 



1.65 

101.44 

0.21 

s 

.83177 



2.47 

102.16 

0.31 

4 

.8339 1 

— 

3.30 

102.89 

0.41 

100+   5 

.83599 

1. 

4.12 

103.62 

0.50 

y 

6 

.83802 



4.95 

104.3$ 

0.60 

7 

.84001 

— 

5.77 

105.09 

0.68 

8 

.84195 

— 

6.60 

105.83 

0.77 

9 

.84384 

1 

— 

7.42 

106.57 

0.85 

100+10 

.84568 

— . 

8  25 

107.31 

0.94 

11 

.84748 



9.07 

108.05 

1.03 

13 

.84924 



9.90 

108.80 

1.10 

13 

.85096 



10.72 

109.55 

1.17 

U 

.85265 

— * 

11.55 

1 10.30 

1.35 

100+15 

.85430 

!     

i 

12.37 

111.05 

1.32 

16 

.85592 

13.20 

111.81 

1.39 

17 

.85750 

1 

14.02 

112.56 

1.46 

13 

1    .85906 

1      

14.85 

113.32 

1.53 

19 

.86058 

^^ 

15.67 

114.08 

1.59 

t 

KX)+:o 

.86208 

.^ 

16.50 

114.84 

1.66 

•:i 

.86355 

— 

17.32 

115.60 

1.72 

.865LK) 

— 

18.15 

116.36 

1.79 

23 

i    .86542 

■ 

— 

18.97 

117.12 

1.85 

:4 

.86781 

1      ~ 

19.80 

117.88 

1.98 

u\^+:5 

'    .86918 

■ 

20.62 

118  64 

1.98 

06 

;    .37052 

21.45 

119.41 

2.04 

4^  — 

,    .t«718" 

— 

22  27 

120.18 

2.09 

rs 

.87314 

— 

23.10 

120.94 

2.16 

CO 

,     .87442 

— 

23.92 

121.71 

2.21 
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J. 

II. 

III. 

IV. 

V. 

VI. 

vn. 

Spirit  and 
\Vat«r 

Specific 

Spirit 

Watsr 

Bulk 

ttiBBPff- 

of 

Spirit 

frCent. 

hj  Hcafure. 

by  W«i;ht 

Gravity. 

MeaiuK. 

XAaiurc. 

of 
Hiztara. 

tioB  of 
Balk. 

Sp.+W. 

100+30 

.87569 

100 

24.75 

122.48 

2.27 

81.65 

31 

.87692 



25.57 

123.24 

2.33 

81.14 

32 

.87814 



26.40 

124.01 

3.39 

80.64 

33 

.87935 

«^.^» 

27.22 

124.78 

2.44 

80.14 

34 

.88053 

"  ■ 

38.05 

125.55 

2.50 

79.65 

100+35 

.88169 

^■VB 

38.87 

126.32 

2.55 

79.16 

36 

.88283 

— 

39.70 

127.09 

2.61 

78.68 

37 

.88395 

_ 

30.52 

127.86 

2.66 

78.21 

38 

.88505 

— 

31.35 

128.64 

2.71 

77.74 

39 

.88613 

— 

32.17 
33.00 

129.41 

2.76 

77.27 

100+40 

.88720 

— 

130.19 

2.81 

76.81 

41 

.88825 

_ 

33.82 

130.96 

8.86 

76.36 

43 

.88929 

_ 

34.65 

131.74 

2.91 

75.91 

43 

.89032 



35.47 

132.51 

2.96 

75.47 

44 

.89133 

— 

36.30 

133.29 

3.01 

75.03 

100+45 

.89232 

«— 

37.12 

134.06 

3.06 

74.59 

46 

.89330 



37.95 

134.84 

3.11 

74.16 

47 

.89427 



38.77 

135.61 

3.16 

73.74 

48 

.89522 

— 

39.60 

136.39 

3.21 

73.32 

49 

.89615 
.89707 

— 

40.42 

1S7.17 

3.25 

72.90 

100+50 

... 

41.25 

137.95 

3.30 

72.49 

51 

.89797 

— 

42.07 

138.73 

3.34 

72.08 

52 

.89886 

_ 

42.90 

139.51 

3.39 

71.68 

53 

.89973 

43.72 

140.29 

3.43 

71.38 

54 

.90059 



44.55 

141.07 

3.48 

70.89 

100+55 

.90144 

45.38 

141.86 

3.52 

70.49 

56 

.90227 



46.20 

142.64 

3.56 

70.11 

57 

.90309 

_ 

47.02 

143.42 

3.60 

69.72 

58 

.90391 

..^ 

47.85 

144.21 

3.64 

69.34 

59 

.90470 

— 

48.67 

144.99 

3.68 

68.97 

100+60 

.90549 

... 

49.50 

145.78 

3.72 

68.60 

61 

.90626 



50.32 

146.56 

3.76 

68.23 

62 

.90703 

.— 

51.15 

147.35 

3.80 

67.87 

63 

.90778 

-» 

51.97 

148.13 

3.84 

67.51 

64 

.90853 

■•- 

52.80 

148.92 

3.88 

67.15 
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M 

F~ 

III. 

IV. 

V. 

VI. 

VII. 

^H 

ti 

Spin. 

Wn.r 

B^ 

Diauu. 

1 

C 

■•T 

Mu«re. 

MlL. 

tiDor 
B.D.. 

.93003 

100 

82.50 

I77.4* 

5.09 

56.36 

.93051 

83.34 

178.22 

5.12 

56.11 

^^n 

.93102 

— 

84.19 

179.05 

S.U 

55.85 

^7 

.93149 

— 

85.02 

179.89 

5.13 

55.59 

W96 

.93198 

— 

85.94 

180.74 

5.30 

55.33 

I+9S 

.93247 

_ 

86.84 

181.61 

5.33 

55.06 

94 

.93296 

— 

87.76 

162.50 

5.26 

54.79 

93 

.93345 

— 

88.71 

183.42 

5.29 

54.59 

92 

.93394 

— 

89.67 

184.3S 

5.32 

54.24 

91 

.93443 

— 

90.66 

185.31 

5.35 

53.96 

3  +  90 

.93493 



91-67 

186.29 

5.38 

53.68 

89 

.93544 

_ 

92.70 

187.29 

5.41 

53.39 

88 

.93595 

— 

93.75 

188.31 

5.44 

53.10 

67 

.93646 

— 

94.83 

189.35 

5.48 

52.81 

86 

.93697 

— 

95,93 

190.42 

5.51 

52.51 

B+85 

.93749 

__ 

97.06 

191.53 

5.53 

52.31 

84 

.93802 

— 

gs.3i 

192.65 

5.56 

51.91 

83 

.93855 

— 

99.39 

193.80 

5. 59 

51.60 

63 

.93909 

— 

100.61 

194.99 

5.62 

51.39 

61 

.95963 

— 

101.85 

196.30 

5.65 

50.97 

0+80 

.94018 

_ 

103.12 

197.44 

5.68 

50.65 

79 

.94073 

— 

104.43 

198.71 

5.72 

50.32 

78 

.94188 

— 

105.77 

200.01 

5.76 

50.00 

77 

.94184 

— 

107.14 

201.35 

5.79 

49.66 

76 

.94240 

— 

108.55 

203.73 

5.83 

49.33 

0+7S 

.94296 

_ 

110.00 

204.15 

5.85 

48.98 

■      74 

.94352 

— 

111.48 

205.60 

5.88 

48.64 

73 

.94408 

— 

113.01 

207.10 

5.91 

48.29 

72 

.94466 

— 

114.58 

308.64 

5.94 

47.93 

71 

.94522 

— 

116.20 

210.32 

5.98 

47.57 

10+70 

.94579 



117.86 

311.84 

6.02 

47.20 

69 

.94637 

— 

119.56 

213.51 

6.05 

46.83 

6S 

.94696 



121.32 

215.34 

6.08 

46.46 

£7 

.94756 

— 

123,13 

2ir.02 

6.11 

46.08 

66 

.94816 

— 

125.00 

218.85 

6.15 

45.69 
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I. 

II. 

III. 

IV. 

^-^ 

VI. 

VI!. 

^ater 
Spirit 
fcifhU 

SpMifie 
Oravity. 

Sjfirit 
Mearare. 

Water 

MaaMire. 

Bulk 

of 

MixtuN. 

DiaOttt. 

tbaof 

Bdk. 

ai 

■pint 

■hw. 

bj  Maaiufv. 

i+ioe 

.93002 

100 

82.50 

177.41 

5.09 

56.36 

99 

.93051 

— 

83.34 

178.22 

5.12 

56.11 

98 

.93102 

— 

84.19 

179.06 

5.14 

55.85 

97 

.93149 

— 

85.02 

179.89 

5.13 

55.59 

96 

.93198 

'~- 

85.94 

180.74 

5.20 

55.33 

►+95 

.93247 

-^ 

86.84 

181.61 

5.23 

55.06 

94 

.93296 

— 

87.76 

1 82.50 

5.26 

54.79 

93 

.93345 



88.71 

183.42 

5.29 

54.59 

92 

.93394 

— 

89.67 

184.35 

5.32 

54.24 

91 

.93443 

-^ 

90.66 

185.31 

5.35 

53.96 

>+90 

.93493 

.. 

91.67 

186.29 

5.38 

53.68 

89 

.93544 

— 

92.70 

187.29 

5.41 

53.39 

88 

.93595 



93.75 

188.31 

5.44 

53.10 

87 

.93646 



94.83 

189.35 

5.48 

52.81 

86 

.93697 

— 

95.93 

190.42 

5.51 

52.51 

>+85 

.93749 

— 

97.06 

191.53 

5.53 

52.31 

84 

.93802 

— 

98.21 

192.65 

5.56 

51.91 

83 

.93855 



99.39 

193.80 

5.59 

51.60 

82 

.93909 

— 

100.61 

194.99 

5.62 

51.29 

81 

.95963 

101.85 

196.20 

5.65 

50.97 

>+80 

.94018 

1 

1      — 

103.12 

197.44 

5.68 

50.65 

79 

.94073 

104.43 

198.71 

5.72 

50.32 

78 

.94128 

t 

105.77 

200.01 

5.76 

50.00 

77 

.94184 

1      "^^ 

107.14 

201.35 

5.79 

49.66 

76 

.94240 

» 

108.55 

202.73 

5.82 

49.33 

>+75 

.94296 

— 

;   110.00 

204.15 

5.85 

48.98 

74 

.94S52 



1   111.48 

205.60 

}  5«88 

48.64 

.94403 



\   113.01 

207.10 

5.91 

48.29 

72 

.94460 



114.58 

208.64 

5.94 

47.'^3 

71 

.94522 

— 

116.20 

210.22 

5.98 

47.57 

H-rc 

.&457> 

—^ 

117.86 

*   211.84 

1  6.r/2 

47.20 

6y 

.546:7 

llSr.56 

213.51 

i  6.05 

46.8i 

€8 

;   .54*^>'. 

'^- 

:  121^2 

2 1 5.24 

2  6j08 

4CA6 

'     .S4755 

— 

123.13 

'   217.02 

!  6.11 

4^3/ji 

6^ 

J   .>4-.:6 

-^ 

i25.<>D 

•  218.85 

0 

6.15 

45.6Sr 
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TABLE  OF  THt  S^BCtriC  O&JLFtTlT  OF 


TABLE 

Of  iht  Specific  Graviiy  and  Ckmpontion  of  Mixtures  ^  Jlcokol  Md 

Water  at  the  Temperat%re  of  60<>. 


1. 

Spirit  ud 

Vfmxet 
by  Weight 

Sp.+W. 

11. 

Specific 

Gimritj. 

111. 

Spirit 

MeMOfc. 

IV. 

Water 

by 

Mcaswe. 

V. 

Balk 

ei 

Mixtura. 

VI. 

Dumao 
Balk. 

vu. 

Q^uiatv 

of 

Spirit 

jMrGmt 

byMeMHU. 

100+  0 

I 

2 
3 

4 

.83500 
.82731 
.82957 
.83177 
.83391 

100 

0.83 
1.65 
2.47 
3.30 

100.00 
100.72 
101.44 
102.16 
102.89 

0.11 
0.21 

0.31 

0.41 

100.00 
99.39 
98  58 
97.88 
97.19 

100+   5 
6 
7 
8 
9 

.83599 
.83802 
.84001 
.84195 
.84384 

— 

4.12 
4.95 
5.77 
6.60 
7.42 

103.62 
104.3$ 
105.09 
105.83 
106.57 

0.50 
0.60 
0.68 
0.77 
0.85 

96.51 
95.83 
95.16 
94.50- 
93.84  . 

100+10 

11 

12 
13 
14 

.84568 
.84748 
.84924 
.85096 
.85265 



8  25 

9.07 

9.90 

10.72 

11.55 

107.31 
108.05 
108.80 
109.55 
1 10.30 

0.94 
1.02 
1.10 
1.17 
1.25 

93.19 
99.55 
91.91 
91.28 
90.66 

100+15 
16 
17 
18 
19 

.85430 
.85592 
,85750 
.85906 
.86058 



12.37 
13.20 
14.02 
14.85 
15.67 

111.05 
111.81 
112.56 
113.32 
114.08 

1.32 
1.39 
1.46 
1.53 
1.59 

90.04 
89.44 
88.84 
88.35 
87.66 

100+20 
21 
22 
23 
24 

.86208 
.86355 
.86500 
.86642 
.86781 

*Hi^^ 

16.50 
17.32 
18.15 
18.97 
19.80 

114.84 
115.60 
116.36 
117.12 
117.88 

1.65 
1.72 
1.79 
1.85 
1.92 

87.08 
86.51 
85.94 
85.38 
84  83 

100+25 
26 

27 
28 
29 

.86918 
.87052 
.87183 
.87314 
.87442 

— 

20.62 
21.45 
22  27 
23.10 
23.92 

118  64 
119.41 
120.18 
120.94 
121.71 

1.98 
2.04 
2.09 
2.16 

2.21 

84.38 
83  74 
8321 
83.68 
82.16 
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I. 

II. 

III. 

IV. 

V. 

VI. 

vn. 

Spirit  Md 
WaUr 

flpMiflo 

Spirit 

Water 

Balk 

ttimlag- 

doaotaty 

bj  Weight 

Gravity. 

Measure.' 

by 

3f«asar«* 

of 
MiirtarB. 

tioBof 
Bulk. 

Of 

Spirit 

p«r  CmC 

bj  Heanirc. 

Sp.+W. 

100+30 

.87569 

100 

24.75 

122.48 

2,27 

81.65 

31 

.87692 

— 

25.57 

123.24 

2.33 

81.14 

32 

.87814 

— 

26.40 

124.01 

2.39 

80.64 

33 

.87935 

— 

27.22 

124.78 

2.44 

80.14 

34 

.88053 

— 

28.05 

125.55 

2.50 

79.65 

100+35 

.88169 

--. 

28.87 

126.32 

2.55 

79.16 

36 

.86283 

— 

29.70 

127*09 

2.61 

78.68 

37 

.88395 

_ 

30.52 

127.86 

2.66 

78.21 

38 

.88505 

— 

31.35 

128.64 

2.71 

77.74 

39 

.88613 

— 

32.17 
33.00 

129.41 

2.76 

77.27 

100+40 

.88720 

«.« 

130.19 

2.81 

76.81 

41 

.88825 

_ 

33.82 

130.96 

8.86 

76.36 

42 

.88929 

— 

34.65 

131.74 

2.91 

75.91 

43 

.89032 

— 

35.47 

132.51 

2.96 

75.47 

44 

.89133 

— 

36,30 

133.29 

3.01 

75.03 

100+45 

.89232 

«— 

37.12 

134.06 

3.06 

74.59 

46 

.89330 

— 

37.95 

134.84 

3.11 

74.16 

47 

.89427 

— 

38.77 

135.61 

3.16 

73.74 

48 

.89522 

— 

39.60 

136.39 

3.21 

73.32 

49 

.89615 

— 

40.42 

1S7.17 

3.25 

72.90 

100+50 

.89707 

... 

41.25 

137.95 

3.30 

72.49 

51 

.89797 

— 

42.07 

138.73 

3.34 

72.08 

52 

.89886 

_ 

42.90 

139.51 

3.39 

71.68 

53 

.89973 

...» 

43.72 

140:29 

3.43 

71.28 

54 

.90059. 

— 

44.55 

141.07 

3.48 

70.89 

100+55 

.90144 

... 

45.38 

141.86 

3.52 

70.49 

56 

.90227 

— 

46.20 

142.64 

3.56 

70.11 

57 

.90309 

— 

47.02 

143.42 

3.60 

69.72 

58 

.90391 

— 

47.85 

144.21 

3.64 

69.34 

59 

.90470 
.90549 

— 

48.67 

144.99 

3.68 

68.97 

100+60 

...- 

49.50 

145.78 

3.72 

68.60 

61 

.90626 

-— 

50.32 

146.56 

3.76 

68.23 

62 

.90703 

— 

51.15 

147.35 

3.80 

67.87 

63 

.90778 

— - 

51,97 

148.13 

3.84 

67.51 

1    " 

.90853 

•— 

52.80 

148.92 

3.88 

67.15 

hfS 


TABLE  or   TSB   SfBCiriC   QKAttTf   Of 


I. 

11. 

III. 

IV. 

V. 

VI. 

VIL 

SoMfad 

Water 
by  Waiflit. 

SpMiie 
OflmTitf. 

Spirit 

Water 

by 

MeMore. 

Bulk 

of 

Kixtiire. 

Duttiim- 

tioDOf 

Bulk. 

QMOtity 

of 

Spirit 

byM«uan. 

Sp.+W. 

100+65 

.90927 

100 

53.62 

149.71 

3.91 

66.80 

66 

.91001 

_ 

54.45 

150.50 

3.95 

66.45 

67 

.91074 

_ 

55.27 

151.28 

3.99 

66.10 

68 

.91146 

... 

56.10 

152.07 

4.03 

65.76 

69 

.91217 
.91287 

— 

56.92 

152.85 

4.07 

65.42 

100+70 

.— • 

57.75 

153.64 

4.11 

65.09 

n 

.91356 

— . 

58.57 

154.42 

4.15 

64.76 

72 

.91424 

... 

59.40 

155.21 

4.19 

64.43 

73 

.91491 

.i.* 

60.22 

156.00 

4.S2 

64.10 

74 

.91557 
.91622 

— 

61.05 

156.79 

4.26 

63.78 
63.46 

100+75 

61.87 

157.68 

4.29 

76 

.91686 

^_ 

62.70 

158.37 

4.33 

63.14 

77 

.91748 

— .. 

63.52 

159.16 

4.36 

62.83 

78 

.91811 

.... 

64.35 

159.95 

4.40 

62.52 

79 

.91872 

— 

65.17 

160.74 

4.43 

62.31 

100+80 

.91933 

^^^ 

66.00 

161.53 

4.47 

61.91 

81 

.91933 

m^ 

66.82 

162.32 

4.50 

61.61 

82 

.92052 

^M. 

67.65 

163.11 

4.54 

61.31 

83 

.92110 

... 

68.47 

163.90 

4.57 

61.01 

84 

.92168 

69.30 

164.70 

4.60 

60.72 

100+85 

.92225 

70.12 

165.49 

4.63 

60.43 

86 

.92281 

70.95 

166.29 

4.66 

60.14 

87 

.92336 

71.77 

167.08 

4.69 

59.85 

88 

.92391 

...^ 

72.60 

167.87 

4.73 

59.57 

89 

.92445 



73.42 

168.66 

4.76 

59.29 

100+90 

.92499 

..^ 

?4.25 

169.46 

4.79 

59.01 

91 

.92552 

•i— 

75.07 

170.25 

4.82 

58.73 

92 

.92604 

... 

75.90 

171.05 

4.85 

58.46 

93 

.92656 

^— 

76.72 

171.84 

4.88 

58.19 

94 

.92707 



77.55 

172.64 

4.91 

57.92 

100+95 

.92758 

^^ 

78.37 

173.43 

4.94 

57.66 

96 

.92807 

.~^ 

79.20 

174.23 

4.97 

57.40 

97 

.92856 

m—m 

80.02 

175.02 

5.00 

57.14 

1             98 

.92905 

_ 

80.85 

175.82 

5.03 

56.88 

1             99 

.92954 

— 

81.68 

176.62 

5.06 

56.62 
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I. 

11. 

III. 

IV. 

V. 

Vi. 

VII. 

Water  uid 

^4K 

GrMrity. 

Spirit 
Mearare. 

WatOT 

HeMBra. 

Balk 

of 

Mi&tnre* 

Dimimi- 

tionof 

Bulk. 

duaalUjr 

of 

Spirit 

jwrGnM. 

by  Keaaure. 

W.  +  Sp. 

100+30 

.97074 

100 

375.00 

368.28 

6.72 

27.15 

S9 

.97139 

— 

384.48 

377.79 

6.69 

26.47 

38 

.973u6 

_ 

294.64 

387.99 

6.65 

5««.77 

37 

.97273 

— 

305.56 

398.95 

6.61 

35.07 

36 

.97340 

— 

317.31 

410.74 

6.57 

34.35 

100+35 

.97410 

_ 

330.00 

423.48 

6.53 

33.61 

34 

.97479 

— 

343.75 

437.29 

6.46 

33.87 

S3 

.97550 

— 

358.70 

453.31 

6.39 

33.11 

33 

.97632 

m^ 

375.00 

468.64 

6.36 

31.34 

31 

.97696 
.97771 

— 

392.86 

486.58 

6.28 

30.55 

160+30 

mmmm 

412.50 

506.29 

6.21 

19.75 

19 

.97848 

.». 

434.31 

528.08 

6.13 

18.94 

18 

.97936 

_ 

458.33 

552.29 

6.04 

18.11 

17 

.98006 

_ 

485.29 

579  34 

5.95 

17.26 

16 

.98090 

— 

515.62 

609.76 

5.86 

16.40 

100+15 

.98176 

.^ 

550.00 

644.25 

5.75 

15.52 

14 

.98364 

— > 

589.29 

683.66 

5.63 

14.63 

13 

.98356 

— 

634.61 

729.10 

5.51 

13.73 

13 

.98453 

— 

687.50 

782.11 

5.39 

12.79 

11 

.98551 

— 

750.00 

844.74 

5.26 

11.84 

100+10 

.98654 

MM. 

835.00 

919.87 

5.13 

10.87 

9 

.98761 

.— 

916.67 

1011.70 

4.97 

9.88 

8 

.98873 

— 

1031.35 

1126.44 

4.81 

8.88 

7 

.98991 

— • 

1178.57 

1373.93 

4.65 

7.85 

6 

.99115 

— 

1375.00 

1470.53 

4.48 

6.80 

100+  5 

.99244 

m^ 

1650.00 

1745.70 

4.30 

5.73 

4 

.99380 

— 

3063.50 

3158.37 

4.13 

4.63 

3 

.99534 

— 

2760.00 

3846.04 

3.96 

3.51 

3 

.99675 

— 

4125.00 

4221.21 

3.79 

3.37     1 

■ 

.99834 

— 

8850.00 

8346.38 

3.62 

1.70    1 

4A 
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TABLE   OV   THE   SPECIFIC   GRAVfTT   OF 


I. 

II. 

III. 

IV. 

V. 

VI. 

Vll. 

Water  «Dd 

Spirit  hj 
Weight. 

SpMiio 
Oravity. 

Spirit 

by 

Meatwa. 

Water 

bj 
Meunra. 

Bidk 

of 

Miitnra 

Dtaiaa. 
tion  of 
Bulk. 

Qaulit, 

01 

Spirit 

jwr  Cvirf. 

by  MasMBv-. 

W.  +  Sp. 

100+65 

.948761 

100 

126.93 

220.74 

6.18 

45.30 

64 

.94936 



138.90 

222.69 

6.31 

44.91 

63 

.94997 



130.95 

224.70 

6.25 

44.50 

63 

.95058 

— 

133.06 

236.78 

6.28 

44.  lo 

61 

.9511 

— 

135.35 

238.93 

6.33 

43.68 

100+60 

.95181 

137.50 

231.14 

6.36 

43.36 

59 

.95243 

,^» 

139.83 

333.44 

6.38 

42.84 

58 

.95305 

— 

143.23 

235.82 

6.41 

42.41 

57 

.95368 

_ 

144.73 

338.28 

6.45 

41.97 

56 

.95430 

— 

147.32 

340.83 

6.50 

41.52 

100+55 

.95493 

«. 

150.00 

343.47 

6.53 

41.07 

54 

.95555 

— . 

152.77 

246.33 

6.55 

40.61 

53 

.95617 

-* 

155.65 

249.08 

6.57 

40.15 

52 

.95679 

_ 

158.65 

252.05 

6.60 

39.67 

51 

.95741 

-* 

161.77 

255.14 

6.63 

39.19 

100+50 

.95804 

... 

165.00 

258.34 

6.66 

38.71 

49 

.95867 

— . 

168.37 

261.68 

6.69 

38.31 

48 

.95931 

•^ 

171.87 

265.16 

6,71 

37  71 

47 

.95995 

— 

175.53 

268.80 

6.73 

37.30 

46 

.96058 

— 

179.35 

272.59 

6.76 

36.68 

100+45 

.96122 

m.»^ 

183.34 

276.56 

6.78 

36.16 

44 

.96185 

— 

187.50 

380.70 

6.80 

35.63 

43 

.96248 

^^■* 

191.86 

285.05 

6.81 

35.08 

42 

.96311 

196.43 

289.60 

6.88 

34.53 

41 

.96374 

201.21 

294.38 

6.88 

33.97 

100+40 

.96437 

.— 

306.25 

399.42 

6.83 

33.40 

39 

.96500 

_ 

211.54 

304.71 

6.83 

32.82 

38 

.96563 



317.10 

310.28 

6.82 

32.23 

37 

.96626 

-— 

222.97 

316.15 

6.83 

31.63 

3e 

.96689 

— 

229.17 

332.36 

6.81 

31.02 

109+35 

.96752 

235.71 

328.90 

6.81 

30.40 

34 

.96816 



242.65 

335.84 

6.81 

29.78 

33 

.96880 

— 

250.00 

343.21 

6.79 

29.14 

32 

.96944 

— 

257.81 

35 1 .04 

6.77 

28.49 

31 

.97009 

^^ 

266.13 

359.38 

6.75 

27.83 
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I. 

IL 

III. 

IV. 

V. 

VI. 

VII. 

Water  Md 

SpMtie 

Spirit 

Walflr 

Brik 

j%^  ^ •  , 

a»a% 

•t»?4B[ 

fcy 

kjr 

of 

tionof 

of 
Spirit 

en*i^. 

Mearare. 

Measura. 

Mixture. 

Bulk. 

ptrOnU. 
bj  iCtarare. 

W.  +  Sp. 

100+30 

.97074 

100 

275.00 

368.28 

6.72 

27.15 

89 

.97139 

— 

284.48 

377*79 

6.69 

26.47 

38 

.97206 

— 

294.64 

387.99 

6.65 

5*i.77 

27 

.97273 

— 

305.56 

398.95 

6.61 

25.07 

26 

•97340 

— 

317.31 

410.74 

6.57 

24.35 

100+25 

.97410 

*i. 

330.00 

423.48 

6.52 

23.61 

24 

.97479 

— 

343.75 

437.29 

6.46 

22.87 

23 

.97550 

— 

358.70 

452.31 

6.39 

22.11 

22 

.97622 

— 

375.00 

468.64 

6.36 

21.34 

21 

.97696 
.97771 

392.86 

486.58 

6.28 

20.55 

100+20 

1     , 

412.50 

506.29 

6.21 

19.75 

19 

.97848 

.-» 

434.21 

528.08 

6.13 

18.94 

18 

.97926 

— 

458.33 

552.29 

6.04 

18.11 

17 

.98006 

— 

485.29 

579^ 

5.95 

17.26 

16 

.98090 

— 

515.62 

609.76 
644.25 

5.86 

16.40 

100+15 

.98176 

m^m 

550.00 

5.75 

15.52 

14 

.98264 

— 

589.29 

683.66 

5.63 

14.63 

13 

.98356 

— « 

634.61 

729.10 

5.51 

13.72 

12 

.98452 

687.50 

782.11 

5.39 

12,79 

11 

.98551 

— 

750.00 

844.74 

5.26 

11.84 

100+10 

.98654 

»M 

825.00 

919.87 

5.13 

10.87 

9 

.98761 

-^ 

916.67 

1011.70 

4.97 

9.88 

8 

.98872 

•» 

ft)31.25 

1 126.44 

4.81 

8.88 

7 

.98991 

1 

1178.57 

1273.92 

4.65 

7.85 

6 

.99115 

— 

1375.00 

1470.52 

4.48 

6.80 

100+  5 

.99244 

«« 

1650.00 

1745.70 

4.30 

5.73 

4 

.99380 

>^ 

2062.50 

2158.37 

4.13 

4.63 

3 

.99524 

— 

2760.00 

2846.04 

3.96 

3.51 

2 

.99675 

— 

4125.00 

4221.21 

3.79 

2.37 

1 

.99834 

•-" 

8250.00 

8346.38 

3.62 

1.30    1 

4A 
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stfiivtht  1883.  There  are  other  methods  of  judging  of  the  strength  of  spiritv- 

ous  liquors,  which,  though  useful,  are  uot  accurate,  such  as  the  tatCi 
the  dize  and  appearance  of  the  buhhles  when  shaken,  the  siokiiigN 
floating  of  oliye  oil  in  it,  and  the  appearances  that  it  exhibits  whs 
burned ;  if  it  bums  away  perfectly  to  dryness,  and  inflames  gunpovder 
or  a  piece  of  cotton  immersed  in  it,  it  is  considered  as  alcohol :  the 
different  spirituous  liquors  leave  variable  proportions  of  water  whea 
1  thus  burned  in  a  graduated  vessel. 

I  1884.  There  is  the  greatest  difficulty  in  ascertaining  what  is  meant 

i  by  the  term  proof  spirit.  Dr,  Thomson,  quoting  the  Act  of  ParliaBteot 

1;  of  1762  {System^  ii.  319^,  states,  that  at  the  temperature  of  60",  the 

specific  gravity  of  proof  spirit  should  be  0.916;  and  be  also  observes^ 
that  proof  spirit  usually  means  a  mixture  o{  equal  bulks  of  alcohol  aiad 
water;  but  the  specific  gravity  of  such  a  mixture  will,  of  courM, de- 
pend upon  that  of  the  standard  alcohol,  which  is  not  specified.  It  ap- 
pears from  Gilpin's  Tables^  that  spirit  of  the  specific  gravity  .9164 
60**,  consists  by  teeight,  of  100  parts  of  alcohol,  specific  gravity  .825, 
at  60^,  and  75  of  water ;  and,  by  measure^  of  100  parts  of  the  same 
alcohol,  and  61.87  of  water.  From  the  Tables  of  Lowitz,  quoted  by 
Dr.  Thomson,  from  Crell's  Annals  (1796,  i.  202),  we  learn,  thit 
equal  weights  of  alcohol,  specific  gravity  .796,  at  60o,  (and  which  nay 
be  regarded  as  pure  alcohol,)  and  water,  have  a  specific  gravity  k 
.917,  which  is  very  near  legal  proof,  and  which,  according  to  Gilpus 
Tables,  contains  62.8  parts  per  cent,  of  his  alcohol,  by  measure. 
Propertittof  '^®^'  -^^^^^^  "  extremely  inflammable,  and  bums  with  a  pale  Idiie 
iiiuSSu*^  flame,  scarcely  visible  in  bright  day-light.  It  occasions  no  fuiigbMi 
deposition  upon  substances  held  over  it,  and  the  products  of  its  com- 
bustion are  carbonic  acid  and  water,  the  weight  of  Uie  water  consider- 
ably exceeding  that  of  the  alcohol  consumed.  According  to  Sau»are, 
jun.,  100  parts  of  alcohol  afford,  when  burned,  136  part?  of  water, 
the  production  of  which  maybe  shown  by  substituting  the  flame  of 
alcohol  for  that  of  water,  in  the  apparatus  described  in  the  fint 
of  the  work,  under  the  Article  VVatwi  (236,  i.),  and  if  the  tube  at 
its  extremity  be  turned  down  into  a  glasss  jar,  it  will  be  /bund  that  a 
current  of  carbonic  acid  passes  out  of  it,  which  may  be  rendered  en- 
dent  by  lime-wptpr. 

There  are  some  subatnncpq  wliir.h  rummunicate  colour  to  the  flame 
of  alcohol ;  from  boracic  acid  it  acquires  a  greeni?3h  yellow-tint ;  nitie 
and  the  soluble  salts  of  baryta  cause  it  to  burn  yellow,  and  those  of 
strontia  give  it  a  beautiful  rose  colour  ;  cupreous  salts  impart  a  fine 
green  tinge. 

1886.  Alcohol  dissolves  pure  soda  and  potassa,  but  it  does  not  act 
upon  their  carbonates  :  consequently,  if  the  latter  be  mixed  with  al- 
cohol containing  water,  the  liquor  separates  into  two  portions,  the  up- 
per being  alcohol  deprived  to  a  considerable  extent,  of  water,'  and  the 
lower  the  aqueous  solution  of  the  carbonate.  The  alcoholic  solatioa 
of  caustic  potassa  was  known  in  old  pharmacy,  under  the  name  of  Va 
Helmont's  Tincture  of  Tartar.  Its  use  in  purifying  potassa  has  alr^ 
been  stated  (544)  ;  if  it  be  long  kept  it  deposits  small  crystals  of  o^ 
bonate  of  potassa,  and  becomes  nearly  black,  from  the  dccomposiMi 
of  a  portion  of  alcohol.  Ammonia  and  the  carbonate  are  both  aolabfc 
in  alcohol  ;  the  greater  number  of  the  sulphates  are  insoluble  in  ibii 
menstruum,  but  it  dissolves  many  of  the  muriatea  aud  nitrates.  I^ 
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die  diflsolTes  the  greater  number  of  the  acids.  It  absorbs  many  ga» 
•eons  bodies.  It  dissolves  the  vegetable  acids,  the  volatile  oils,  the  re- 
•ns,  tan,  and  extractive  matter,  and  many  of  the  soaps ;  the  greater 
aamber  of  the  fixed  oils  are  taken  up  by  it  in  small  quantities  only 
bat  some  dissolve  largely.  It  may  be  remarked,  that  many  errors  ex- 
ist in  the  published  estimates  of  the  solubility  of  substances  inakohoK 
arising  from  the  existence  of  water  either  in  the  solvent  or  substance 
dissolved. 

1887.  When  the  vapour  of  alcohol  is  passed  through  a  red-hot  cop- 
per tube,  it  is  decomposed,  a  portion  of  charcoal  is  deposited,  and  a 
lane  quantity  of  carburetted  hydrogen  gas  is  evolved. 

The  most  satisfactory  experiments  on  the  composition  of  alcohol 
are  those  of  Saussurc,  as  quoted  by  Dr.  Thomson  (^System^  ii.  p.  327). 
He  passed  the  alcohol  through  a  red-hot  porcelain  tube,  terminating  in 
a  glass  tube  six  feet  long  and  surrounded  by  ice ;  all  the  products  were 
earefully  collected  and  weighed.  The  result  of  this  analysis  was,  that 
100  parts  of  pure  alcohol  consist  of 

Hydrogen 13.70 

Carbon 51.98 

Oxygen 34.32 

100.00 

These  numbers  approach  to  3  proportionals  of  hydrogen  =  3 ;  S  of 
ttrbon,  =  12 ;  and  1  of  oxygen,  >=  8. 

Or  it  may  be  regarded  as  composed  of 

Oletiantgas .     61.63 

Water 38.37 


100.00 


If  we  consider  it  as  composed  of  1  volume  of  olefiant  gas,  and  1  vo- 
lume of  the  vapour  of  water,  the  2  volumes  being  condensed  into  1 , 
the  specific  gravity  of  the  vapour  of  alcohol,  compared  with  common 
air,  will  be  1.599,  or,  according  to  Gay-Lussac,  1.613. 

1888.  When  alcohol  is  submitted  to  distillation,  with  certain  acids, 
a  peculiar  compound  is  formed,  called  ether j  the  different  ethers  being 
dbtinguished  by  the  name  of  the  acid  employed  in  their  preparation. 

a,  SuLPBVRic  Ether. 

'1889.  Sulphuric  Ether  is  the  most  important  of  these  componnds ;  prepmuoB. 
it  ia  prepared  as  follows ;  Equal  weights  of  alcohol  and  sulphuric  acid 
are  carefully  mixed  and  introduced  into  a  glass-retort  placed  in  a  sand- 
bath,  to  which  is  adapted  a  capacious  tubulated  glass  globe,  connect- 
ed with  a  receiver,  as  represented  in  the  wood-cut  at  page  92. 
Raise  the  mixture  in  the  retort  to  its  boiling  point  as  rapidly  as  possi- 
Me,  and,  keeping  the  receiver  cool  by  water  or  ice,  continue  the  dis- 
tillation, till  opaque  vapours  appear  m  the  retort ;  then  remove  the 
receiver,  and  agitate  its  contents  with  a  little  quick-lime  ;  after  which 
pour  off  the  clear  liquor,  and  re-distil  to  the  amount  of  three-fourths  its 
original  quantity  with  the  same  precautions  a?  before.'  The  ether  maty 
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;',  I  be  farther  purified  hj  distilling  it  off  nniriate  of  lime.    The  Limdm 

\  Pharmacopeia  directs  the  distillation  of  ether  with  potassa,  for  its  ft 

•^  *  rificaoon  from  sulphorous  acid ;  and  Mr  Richard  Phillips,  in  his  £» 

perifnenkU  Etcamination^  has  given  the  following  directions  forprocir 

ing  ether  for  pharmaceutical  purposes,  which  answer  evtremely  weO 

*<  Mix  with  16  ounces  of  sulphunc  acid,  an  equal  weight  of  rectifin 

I  spirit,  and  distil  about  10  fluid  ounces,  add  8  ounces  of  spirit  to  A( 

1  residuum  in  the  retort,  and  distil  about  9  fluid  ounces ;  or  continue  tin 

•^  operation  until  the  contents  of  the  retort  begin  to  rise  or  the  prodoc 

i'l  becomes  considerablj  sulphurous  ;  mix  the  two  products,  and  if  tin 

1^  mixture  consist  of  a  light  and  heavy  fluid,  separate  them  :  add  potnl 

to  the  lighter,  as  long  as  it  appears  to  be  dissolved  ;  separate  the  elhei 
from  the  solution  of  potash,  and  distil  about  nine*tenths  of  it,  to  bi 
preserved  as  ether  Bulphuricus^  the  specific  gravity  of  which  osght  t 
be  at  most  .760." 

1890.  Preparing  ether  upon  a  large  scale,  it  is  found  that  U  part 
of  alcohol  (specific  gravity  .820)  mixed  with  an  equal  weight  of  idplM 
ric  acid  (specific  gravity  1.8,)  and  submitted  to  distillation,  afford iboa 
8  parts  of  impure  ether  (specific  gravity  .770).  To  the  residnom ' 
parts  of  alcohol  may  be  added,  and  about  7J  parts  more  of  inpvn 
ether  drawn  off.  These  products,  when  mixed,  have  a  specific  |nfi 
ty  of  about  .782,  and  when  rectified  by  distillation  on  carbonate  ofpo 
tassa,  afford  lOj  parts  of  ether,  of  a  specific  gravity  of  .735,  and  abM 
3^  parts  of  ethereal  spirit,  which  is  employed  instead  of  an  equal  ({Oi 
tity  of  alcohol  in  the  next  operation. 

1891.  When  ether,  obtained  by  the  usual  process,  is  washed  will 
its  bulk  of  water,  its  specific  gravity  is  diminished,  and  the  water  m 
ployed  for  washing  it  affords,  on  distillation,  a  considerable  portioD  i 
alcohol.  By  rc-distilling  this  washed  ether  with  a  little  pota«sa,  whic 
keeps  down  the  water,  or  by  treating  it  with  muriate  of  lime,  itis  ob 
tiiincd  extremely  light  and  pure. 

ri^t^tiet.  1892.  Sulphuric  ether  is  a  transparent,  colourless  liquid,  of  a  plei 

sant  smell  and  a  pungent  taste  ;  it  is  highly  exhilarating,  and  prodocf 
a  degree  of  intoxication  when  its  vapour  is  inhaled  by  the  no«triL 
Its  specific  gravity  varies  extremely  with  its  purity.  Lowitz  is  said  1 
have  procured  it  as  light  as  .632.  I  have  never  obtained  it  lower  dia 
.700  :  and,  as  ordinarily  prepared,  its  specific  gravity  varies  betwte 
.730  and  .760. 

It  is  extremely  volatile,  and  when  poured  from  one  vessel  into  ■ 
other,  a  considerable  portion  evaporates  ;  during  its  evaporation  froi 
surfaces,  it  produces  intense  cold,  as  may  be  felt  by  pouring  it  upw 
the  hand  ;  and  seen,  by  dropping  it  upon  the  bulb  of  a  thermometer 
which  «4inks  to  many  degrees  below  the  freezing  point  (91).  Theipe 
cific  gravity  of  the  vapour  of  sulphuric  ether,  compared  with  ataM 
pheric  :iir,  is,  accordir^  to  Gay-Lussac,  as  2.586  to  1.000. 

At  mean  pressure,  sulphuric  ether,  when  of  a  specific  gravi^« 
.720,  boils  at  98<^,  und  under  the  exhausted  receiver  of  the  air-paaf 
at  idl  temperatures  above— 20*> ;  hence,  were  it  not  for  atmoepbctf 
pressure,  ether  would  only  be  known  in  the  state  of  vapour. 

In  consequence  of  the  cold  produced  du  ring  the  vaporization  of  n^ 
phuric  ether,  the  phsp-nomena  of  boiling  and  freezing  may  be  eibiM- 
cd  in  the  same  vessel.  For  this  purpose  procure  a  very  thin  A^ 
which  fits  loosely  into  a  wine-glass,  as  shown  in  the  margin.    Poor  f 
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mut)  qaantitj  of  <ther  into  the  fiaRtC.Rnil  ol' 
water  into  the  glas^,  nnd  place  the  whole 
under  the  receiver  of  aD  air-pump  ;  dur- 
ing exhaustion,  the  ether  wiU  boil,  and  a 
trust  of  ice  will  gradually  form  upon  tbe 
exterior  of  the  flask. 

When  subjected  to  a  degree  of  ci^ld 
kqnal  to~— 4G°,  sulphuric  ether  freezes. 
~  1693.  Ether  dissolves  the  resios,  seve- 
ll  of  the  fixed  oils,  and  nearly  all  the  To- 
rtile oils ;  it  also  dissolves  a  portion  of 
Dlphur,  and  of  phosphorus  ;  the  liiltor 
Blution  is  beautifully  luminous  when 
tared  upon  wurm  water,  in  a  diirk  room, 
uhe  fiieil  alcalis  are  not  soluble  in 


but  it  combises  with  ammo- 


Ether  dissolves  tbe  oxides  of  gold  and  platinum,  and  these  solutions 
Tiave  been  employed  for  coating  steel  with  those  metals,  with  a  view 
to  ornament  and  as  a  defence  from  rust.  If  to  a  saturated  solution  of 
gold  or  platinum,  in  Ditro -muriatic  acid,  there  be  added  about  3  parts 
by  measure  of  ggod  sulphuric  ether,  it  soon  takes  «p  the  metals,  leav- 
ing the  add  nearly  colourless  below  the  ethereal  solution,  which  is  to 
be  carefully  decanted  off;  into  this  the  poUshed  steel  is  for  an  instant 
plunged,  and  immediately  afterwards  washed  in  water,  or  in  a.  weak  al- 
caline  solution.  Though  the  coating  of  platinum  is  the  least  beautiful, 
Mr.  Stodart,  who  ha.s  made  many  experiments  upon  this  subject,  con- 
siders it  as  the  best  protection  from  rust.  Polished  brass  may  he  coat- 
ed by  the  same  process.  These  surfaces  of  gold  and  platinum,  though 
»ery  thin,  tire  often  a  useful  protection  :  with  gold  the  experiment  is 
particularly  beautiful,  and  well  illustrates  the  astonishing  divisibility  of 
the  metal.  The  ethereal  solution  of  gold  is  not  permanent,  but,  after 
a  time,  deposits  the  metal  in  the  form  of  a  film,  in  which  crystals  of 
IjKrid  are  ofleo  perceplible. 

■£- 1894.  Ether  is  sparingly  soluble  in  water,  and  in  alcohol  it  dissolves 
Ipall  proportions.  The  apirilvs  (tlherii  suiphurid  of  the  Pharmaca- 
IjIMa,  is  an  alcoholic  solution  of  ether. 

1895.  Ether  is  highly  inflammable,  and  in  consequence  of  its  vo- 
latihty  it  is  oflen  kindled  by  the  mere  approach  of  a  burning  body  ;  a 
circumslance  which  renders  it  highly  dangerous  to  decant,  or  open  vea- 
eels  of  ether  near  a  candle. 

The  inflammability  of  ethereal  vapour  may  be  shown  bypassing  a 
noall  quantity  into  a  receiver,  furnished  with  a  brass  stop-cock  and 
pipe,  and  inverted  over  water  at  the  temperature  of  100°.  The  re- 
ceiver becomes  filled  with  the  vnpour,  which  may  be  propelled  and  in* 
flamed  ;  it  bumswith  a  bright  bluish  white  Anme. 

1806,  When  etiier  Is  admitted  to  any  gaseous  body  it  ii 
bulk.     Oxygen  thus  expanded,  produces  a  highly  inllami 
lure  i  if  the  quantity  of  oxygen  be  large,  and  of  ether  itmall,  Ihe  mix- 
ture is  highly  explosive,  and  produces  water  and  carbonic  acid. 

1097.  When  Ibe  vnpoiir  of  ether  is  parsed  through  a  red-hot  tube. 
jt  is  decomposed,  and  furnishes  a  large  quantity  of  carburetted  hydro- 
EflnigBfl.     lis  analysis  has  been  performed  in  varions  ways  ;  M.  Saus- 
Hgrc,  by  detonating  ethereal  vapour  with  oxygen,  and  ascertaining  thci^ 
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quantity  of  CRrbonic  acid  formed,  and  that  of  oxjgen  consnmedy  is  lei 

to  consider  the  component  parts  of  ether  as, 

Hydrogen -     14.40 

Carbon-     .-•.---    67.98 
Oxygen 17.62 

100.00 

which  proportions  are  equivalent  to 

defiant  gas 100 

Water    .....-.-» 

Or,  it  may  be  stated  as  consisting  of 

5  proportionals  of  olefiant  gas,  7  X  5  ss  35 
1  5,  water  „        =9 

44^ 

which  numbers,  reduced  to  ultimate  components,  give 

6  proportionals  of  hydrogen  .     .     1X6=6. 
6               „              carbon       .     .     6  X  5  =s  30 
1  »i  oxygen      .     .    =    8 

44 

1808.  By  reverting  to  the  composition  of  alcohol,  the  change  effect- 
iutiooiie  of  ^^  upon  it  by  the  sulphuric  acid  in  the  process  of  etherification  will  be 
ttheriseatioo  evident,  as  also  the  rationale  of  the  production  of  olefiant  gas  (421). 
Alcohol  consists  of 

Olefiant  gas 100 

Water 60 

If  we  now  remove  Iho  whole  of  the  water,  which  may  be  effected 
by  a  due  proportion  ofsiilpburic  acid,  we  obtain  olefiant  gas  only  ;  but, 
if  we  only  abstract  half  the  water,  we  convert  the  alcohol  into  ether ; 
not  that  cither  of  these  conversions  arc  ever  perfectly  performed  in 
any  of  our  processes. 

1899.  When  a  little  ether  is  introduced  into  chlorine,  the  gas  is  ab- 
sorbed, and  a  peculiar  compound  results,  in  which  muriatic  acid  is 
very  perceptible  ;  if  the  ether  be  inflamed,  a  large  quantity  of  char- 
coal is  deposited,  and  muriatic  acid  gas  is  abundantly  evolved. 

1900.  If  ether  be  mixed  with  its  bulk  of  sulphuric  acid,  and  submit- 
ted to  distillation,  a  portion  of  it  is  converted  into  a  peculiar  fluid, 
which  has  been  termed  oil  of  rvine ;  it  is  the  oleum  (Bthcreum  of  the 
Pharmacopceia.  It  has  a  sweetish  taste,  and  a  rich  agreeable  odour. 
It  does  not  mix  with  water,  but  readily  dissolves  in  etber  and  in  alco- 
hol. It  is  very  inflammable,  and  deposits  a  large  quantity  of  carbon 
during  its  combustion.     Its  composition  has  not  been  inquired  into. 

1901.  The  residue  of  the  distillation  of  ether  has  been  examined 
by  several  chemists.  According  to  Sertuemer,  new  acid  compounds 
are  produced,  which  he  calls  cenothionic  acids.  (Thomson's  Annals^  xiv. 
44.)  M.  Vogel,  in  repeating  these  experiments,  allows  the  formation 
of  one  new  acid  only,  which  he  calls  silphovinoin  acid ;  he  obtained  it 
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\]f  saturating  the  residue  of  the  distillation  of  ether  with  carbonate  of 
lead  ;  the  liquor  being  filtered,  contained  a  soluble  sulphovinate  of 
lead;  sulphuretted  hydrogeti  passed  through  this  solution  precipi- 
tated the  lead  and  left  the  pure  ucid,  which  is  so  easily  decomposed  by 
heat  as  only  to  admit  of  concentration  by  evaporation  under  the  ex- 
hausted receiver. 

1902.  Sulphovinate  of  Baryta  was  obtained  by  Gay-Lussac,  in  rhom- 
boidal  prisms  terminated  by  a  rhomboidal  pyramid  ;  the  crystals  were 
transparent,  and  permanent,  but  easily  decomposed  by  heat. 

1903.  A  strong  analogy  appears  to  subsist  between  the  hyposul- 

thuric  and  sulphovinous  acids  ;  and  it  will  probably  be  found  th;.t  the 
(tter  derives  its  peculiarities  from  the  combination  of  a  portio!i  of  ethe- 
real oil. — Annates  de  Uiimity  ziii.  Quarterly  Journal  of  Science  and 
ArU,  ix.  397. 

1904.  When  ether  is  passed  over  red-hot  platinum  wire,  or  coo- 
nimed  in  the  lamp  without  flame,  described  in  the  ch.>pt:r  on  Radii^nt 
Matter  (191)>  a  peculiar  acid  substance  is  produced,  which  hfis  been 
nbjeoted  to  an  interesting  series  of  experiments,  by  Mr.  J.  F.  Daniell, 
{(^rterly  Journal  of  Science  and  JlrU,  vi.  318.)  He  obtained  it  by 
facing  the  lamp,  filled  with  ether,  and  properly  trinmied  with  a  coil  of 
glowiDg  platinum  wire,  under  the  head  of  an  alembic,  in  which  the  va- 
pour was  condensed,  and  collected  in  a  phial  applied  to  its  beak. 

Lampic  acid^  for  so  Mr.  Darnell  has  termed  this  product,  is  colour- 
las,  sour,  and  pungent ;  its  vapour  is  very  irritating,  and  its  specific 
gravity,  when  purified  by  carefully  driving  off  a  portion  of  alcohol 
which  it  contains,  is  about  1.015.  It  reddens  vegetable  blues,  and  de- 
composes the  alcnline  carbonates  with  effervescence. 

Jfr.  Daniell  -^  described  many  of  the  combinations  of  this  acid, 
which  he  term  iampaxes^  and  has  given  some  experiments  upon  its 
composition,  whence  he  deduces  its  ultimate  components,  as  follow  : 

1  proportional  carbon 6 

1  hydrogen    ...     1 

1  water 9 

16 

When  lampic  acid  is  added  to  the  solutions  of  silver,  gold,  platinuni, 
mercury,  and  copper,  and  the  mixture  heated,  the  metals  are  thrown 
down  in  the  metallic  state. 

On  distilling  the  lampatc  of  mercury^  made  by  digesting  the  perox- 
ide of  mercury  in  the  acid,  Mr.  Daniell  obtained  the  concentrated  or 
pare  lampic  acid,  in  the  form  of  a  very  dense  liquid  with  an  intensely 
mflbcatiog  odour. 

b.    Nitric  Ether. 

1905.  When  strong  nitric  acid  and  alcohol  are  mixed  in  equal  pro- 
portions, a  violent  action  presently  ensues  ;  there  is  a  very  copiou« 
CYolntion  of  an  inflammable  aeriform  body,  which  has  been  called  m- 
ttouB  etherized  gas^  and  which  appears  to  be  a  compound  of  nitrous 
ether,  and  nitric  oxide.  If  we  endeavour  to  condense  the  volatile  pro- 
ducts, we  find  that  the  receiver  contains  alcohol,  water,  nitrous  ether, 
aitroos  acid,  and  acetic  acid ;  and  that  the  greater  portion  of  the  true 
ether  has  made  its  escape  with  the  gaseous  products.    Thenard  ha« 


paid  much  oticnliun  to  tliix  subject,  an 
ceaa  for  ol>{aining  nitric  dhcr  (Mimoi 
Truiie  de  OtimU,  Turn,  iii.,  p.  278.) : 

lolroduce  into  »  Hufficienlly  cai>ii<'i 
hoi,  (tpecific  gravity  820)  tind  of  nil .  ■ 
vity  1  SO)  aiid  connect  it  witli  five  ^ 
\M  empty,  andtlic  remaining  tour  Imll  ^.i 
«alt  ia  wal«r.     Apply  a  geallo  tiest  to  Xl 
to  efiervesce ;  then  withdraw  the  fire,  a 
through  the  bottles,  which  sliould  be  fci 
ether  upon  the  sahue  solutioo,  from  wfat 
ivith  chalk,  and  r«-distilled  at  a  very  goa 

1906.  Nilric  ether,  thus  prepared,  hi 
has  a  very  poreerfnl  ethereal  odour ;  i 
taste  very  pungent ;  its  specific  gravity 
than  that,  of  water.  It  is  more  volatile 
henl  of  the  hnnil  ia  suJGcient  to  produce 
46  parts  of  water  ;  and  iu  all  proportioD 
is  the  $piriiui  irlhtrit  mlrici,  or  metl  tp\ 
paia.  It  is  decomposed  by  keeping,  a 
formed  ia  it.     According  to  Thcuard,  nj 


Oxygen  . 
Carbon  . 
Nitrogen  . 
Hydrogen 


i 


Dr.  Thomaon  {SysUm,  Vol. 
ihat  nitric  ether  consisia  of  4  propo'rtloi 
1  of  aitrie  acid,  =i  54;  or,  of 

4  proportionals  of  hydroge 

4 carbon 

1  nitrogei 

6  — — • oiygeu 


1907.  When  nitric  acid,  holding  mci 
added  to  alcohol,  a  white  precipiute  is 
cence  that  ensues,  which  is  possessed  ol 

Fhilminating  Merc-ry  was  discovered  h 
the  ibltowing  directiona  for  its  preparal 
mercunr,  in  u  measured  ounce  and  a  bal 
aace  of  a  gentle  heal;  pour  this  solution 
alcohol,  previously  put  into  an  evaporat 
heal  till  an  eServesceoce  ensues  ;  when 
quid  off  the  precipit..te  which  Ms,  colkc 
a  small  quantity  of  water,  and  dry  il  at  a 

Fulmiualing  mercury  thus  prepared  'm 
bbe  grains,  of  a  (vhiliah  yellow  or  pule 
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d  OQ  a  smooth  aiiTil  and  stniek  with  a  hammer,  detonate  with  ^ 
stQDoiog  report ;  it  abo  explodes  by  friction,  heat,  and  electri- 
and  by  the  action  of  concentrated  sulphuric  acid,  though  with  less 

» 

.  Howard  considers  this  powder  as  a  compound  of  oxalate  of  roer* 
GUdd  nitrous  etherized  gas :  Fourcrey,  however,  has  shown  that 
nposition  varies  a  little,  under  different  circumstances  of  prepar- 
— Howard,  Phil.  Trans, ^  1800. 

^8.  By  a  similar  process  nearly,  a  species  of  fulminating  silver 
>e  prelpared.  (Descotils,  Nicholson's  Joumaly  Vol.  xviii.) 
three  drachms  of  powdered  nitrate  of  silver,  pour  two»  ounces 
half  of  alcohol,  and  add  seven  drachms,  by  measure,  ^  nitric 
When  the  effervescence  has  nearly  ceased  add  a  little  water, 
the  precipitate,  and  dry  it  in  the  open  air,  secluded  from  light. — 
f's  Chemical  Amusement,  3d  edit.,  p.  102. 

is  very  dangerous  compound  explodes  upon  slight  friction,  or  * 
gently  heated,  or  touched  with  sulphuric  acid,  and,  upon  the  con- 
f  a  sharp  piece  of  glass  or  rock  crystal,  it  detonates  even  under 
;  an  electric  spark  also  occasions  its  explosion, 
icn  exploded  under  slight  pressure  in  contact  of  gunpowder,  itin- 
s  it. 

e  composition  of  this  species  of  fulminating  silver  has  not  been 
,uined  with  precision  ;  indeed,  the  subject  is  one  of  extreme  dif- 
f,  in  consequence  of  the  new  products  that  are  formed  by  its  sud- 
ecomposition. 

c.     Muriatic  Ether. 

)9.  Muriatic  ether  was  thus  obtiiined  by  Thenard,  f  JUJ^mom  d' PrcpanUoa. 
ily  Tom.  i.)  :  Equal  measures  of  strong  liquid  muriatic  acid,  and 
f  rcctitied  alcohol,  are  put  into  a  retort  communicating  with  a 
^er,  from  which  a  tube  passes  into  a  Wolfe's  bottle  containing 

water,  and  having  a  tube  of  safety  :  from  this  there  issues  a 
ube  passing  into  a  bottle  surrounded  by  ice.     On  applying  heat 

retort,  a  portion  of  alcohol  and  acid  pass  into  the  first  receiver, 
le  ether  in  a  gaseous  state  escapes  through  the  warm  water  and 
mt  tube,  and  is  condensed  in  the  cold  vessel. 

0.  At  a  temperature  somewhat  below  10"^  muriatic  ether  passes 
he  state  of  vapour,  of  which  the  specific  gravity  is  about  2.220, 
f  air  being  1 .000 ;  it  is  highly  inflammable,  its  taste  sweetish  and 
aal,  and  it  is  soluble  in  its  own  bulk  of  water  at  64^.  Its  speci- 
ivity  in  a  liquid  state,  at  40^,  is  .870.  It  is  remarkable  that  this 
does  not  affect  vegetable  blues,  nor  does  it  afford  traces  of  chlo- 
0  the  usual  tests  ;  but,  when  burned,  muriatic  acid  is  immediate- 
xeptible. 

1.  According  to  Thenard,  this  ether,  contains 

Muriatic  acid 29.44 

Carbon • 36  Gl 

Oxygen 23.31 

Hydrogen 10.64 

100.00 
4  B 
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paid  much  attention  to  this  subject,  and  has  given  the  fioUowiog  fn 
cess  for  obtaining  nitric  ether  {Mhnoiret  d*  Arcueil^  Tom.  i.,  m 
Train  de  Ckimie,  Tom.  iii.,  p.  278.)  : 
FKpariUoa.  Intfoduce  into  a  su&iently  capacious  retort  equal  weights  of  ila 
hoi,  (specific  gravity  820)  and  of  nitric  acid  of  commerce  (specific  yn 
vity  1.30)  and  connect  it  with  Ave  Wolfe^s  bottles,  the  fint  of  wUc 
is  empty,  and  the  remaining  four  half-filled  with  a  saturated  solutioQ  i 
salt  in  water.  Apply  a  gentle  heat  to  the  retort,  till  the  liquor  begji 
to  effervesce ;  then  withdraw  the  fire,  and  the  gaseous  matter  pasn 
through  the  bottles,  which  should  be  kept  cold  by  ice,  deposils  th 
ether  upon  the  sahne  solution,  from  which  it  is  to  be  decanted,  shake 
with  chalk,  and  re-distilled  at  a  very  gentle  heat. 

1906.  Nitric  ether,  thus  prepared,  has  the  followiog  psopertias:  1 
has  a  very  poweriul  ethereal  odour ;  its  colour  is  pale  yellew ;  il 
taste  very  pungent  -,  its  specific  gravity  above  that  of  alcohol,  bat  In 
than  that  of  water.  It  is  more  volatile  than  sulphuric  ether,  and  Hi 
heat  of  the  hand  is  sufficient  to  produce  its  ebullitioD.  It  is  iohiUei 
48  parts  of  water  ;  and  in  all  proportions  in  alcohol ;  this  hstssMa 
is  the  spiritus  atJuris  niirtdf  or  sweet  spirit  of  nitre ^  of  the  Plhnmaiw 
jMBta.  It  is  decomposed  by  keeping,  and  nitric  and  acetic  ackii  sn 
formed  in  it     According  to  Thenard,  nitric  ether  consists  of 

Oxygen 48.62 

Carbon 28.45 

Nitrogen 14.49 

Hydrogen 8.54 

100.00 

Dr.  Thomson  (System^  Vol.  ii.,  p.  341.)  concludes,  from  miHoff^ 
that  nitric  ether  consists  of  4  proportionals  of  defiant  gas,  =  S8,  md 
1  of  nitric  acid,  =  54  ;  or,  of 

4  proportionals  of  hydroja;en  1    X   4  s:     4 

4  carbon      6   X   4  =  24 

1  nitrogen  ....      14 

5  •  oxygen     8   X   5  =  40 
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1907.  When  nitric  acid,  holding  mercury  or  silver  in  solatioB|ii 
added  to  alcohol,  a  white  precipitate  is  formed  during  the  effeiT» 
cence  that  ensues,  which  is  possessed  of  powerful  detonating  proper 
ties. 

Fulminating  Mercery  was  discovered  by  Mr.  Howard  who  has  pm 
the  following  directions  for  its  preparation :  Dissolve  100  grains  «f 
mercury,  in  a  measured  ounce  and  a  half  of  nitric  acid,  by  the  uaA- 
ance  of  a  gentle  heat ;  pour  this  solution  into  two  measured  ounces  of 
alcohol,  previously  put  into  an  evaporating  basin,  and  apply  a  gentk 
heat  till  an  effervescence  ensues  ;  when  this  has  ceased,  pour  the  11* 
quid  off  the  precipiute  which  falb,  collect  it  upon  a  filter,  wash  itw* 
a  small  quantity  of  water,  and  dry  it  at  a  heat  not  exceeding  2U*. 

Fuhninating  mercury  thus  prepared  is  in  the  form  of  small  cnsi* 
lihe  grains,  of  a  yrhitish  yellow  or  pale  grey  colour.     A  few  gn* 
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0  a  smooth  anFil  and  strock  with  a  hammer,  detonate  with  ^ 
inning  report ;  it  abo  explodes  by  friction,  heat,  and  electri- 

1  by  the  action  of  concentrated  sulphuric  acid,  though  with  less 

[oward  considers  this  powder  as  a  compound  of  oxalate  of  roer* 
I  nitrous  etherized  gas :  Fourcrey,  however,  has  shown  that 
osition  varies  a  little,  under  different  circumstances  of  prepar- 
Howard,  Phil.  Trans. ^  1800. 

By  a  similar  process  nearly,  a  species  of  fidminating  silver 
prcfpared.  (Desgotils,  Nicholson's  Journal^  Vol.  xviii.) 
ree  drachms  of  powdered  nitrate  of  silver,  pour  two»  ounces 
If  of  alcohol,  and  add  seven  drachms,  by  measure,  ^  nitric 
IThen  the  effervescence  has  nearly  ceased  add  a  little  water, 
I  precipitate,  and  dry  it  in  the  open  air,  secluded  from  light. — 
Chemical  Amusement,  3d  edit.,  p.  102. 

very  dangerous  compound  explodes  upon  slight  friction,  or  * 
atly  heated,  or  touched  with  sulphuric  acid,  and,  upon  the  con- 
sharp  piece  of  glass  or  rock  crystal,  it  detonates  even  under 
an  electric  spark  also  occasions  its  explosion, 
exploded  under  slight  pressure  in  contact  of  gunpowder,  it  in- 

:ompodition  of  tliis  species  of  fulminating  silver  has  not  been 
led  with  precision  ;  indeed,  the  subject  is  one  of  extreme  dif- 
n  consequence  of  the  new  products  that  are  formed  by  its  sud- 
)mposition. 

c.     Muriatic  Ether. 

Muriatic  ether  was  thus  obtained  by  Thenard,  (jlfi^motrf  d'prepantloa. 
Tom.  i.)  :  Equal  measures  of  strong  liquid  muriatic  acid,  and 
cctified  alcohol,  are  put  into  a  retort  communicating  with  a 
,  from  which  a  tube  piisses  into  a  Wolfe^s  bottle  containing 
atcr,  and  having  a  tube  of  safety  :  from  this  there  issues  a 
e  passing  into  a  bottle  surrounded  by  ice.  On  applying  heat 
ttort,  a  portion  of  alcohol  and  acid  p.iss  into  the  first  receiver, 
ether  in  a  gaseous  state  escapes  through  the  warm  water  and 
tube,  and  is  condensed  in  the  cold  vessel. 
At  a  temperature  somewhat  below  70^  muriatic  ether  passes 
state  of  vapour,  of  which  the  specific  gravity  is  about  2.220, 
ir  being  1.000 ;  it  is  highly  inflammable,  its  taste  sweetish  and 
,  and  it  is  soluble  in  its  own  bulk  of  water  at  64^.  Its  speci- 
ty  in  a  liquid  state,  at  40^,  is  .870.  It  is  remarkable  that  this 
es  not  affect  vegetable  blues,  nor  does  it  afford  traces  of  chlo- 
be  usual  tests  ;  but,  when  burned,  muriatic  acid  is  immediate- 
ptiblc. 
According  to  Thenard,  this  ether,  contains 

Muriatic  acid 29.44 

Carbon 3G  61 

Oxygen 23.31 

Hydrogen 10.64 

100.00 
4  B 


n 
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paid  much  attention  to  this  subject,  and  has  given  the  foUowiog  fn 
cess  for  obtaining  nitric  ether  {Metnoires  d*  Arcueil^  Tom.  i.,  m 
Train  de  Ckimie,  Tom.  iii.,  p.  278.)  : 
Freparitioa.  Introduce  into  a  sufficiently  capacious  retort  equal  weights  of  iki 
hoi,  (specific  graTity  820)  and  of  nitric  acid  of  commerce  (specific  yn 
vity  1.30)  and  connect  it  witli  five  Wolfe's  bottles,  tlie  fint  of  wkk 
is  empty,  and  the  remaining  four  half-filled  with  a  saturated  solutioQ  \ 
salt  in  water.  Apply  a  gentle  heat  to  the  retort,  till  the  liquor  begji 
to  eflfervesce ;  then  withdraw  the  fire,  and  the  gaseous  matter  pmiii 
through  the  bottles,  which  should  be  kept  cold  by  ice,  deposili  th 
ether  upon  the  saline  solution,  from  which  it  is  to  be  decanted,  shake 
with  chalk,  and  re-distilled  at  a  very  gentle  heat. 

1906.  Nitric  ether,  thus  prepared,  has  the  followiog  ptopertiai:  1 
has  a  very  powerful  ethereal  odour ;  its  colour  is  pale  yelkw ;  'i 
taste  very  pungent ;  its  specific  gravity  above  that  of  alcohol,  \mt  In 
than  that  of  water.  It  is  more  volatile  than  sulphuric  ether,  and  di 
heat  of  the  hand  is  sufficient  to  produce  its  ebullition.  It  is  solabki 
48  parts  of  water  ;  and  in  all  proportions  in  alcohol ;  this  hstscMM 
is  the  spiritus  atJuris  nitrtct,  or  tweet  spirit  of  nitre^  of  the  Pharwma 
f  petia.    It  is  decomposed  by  keeping,  and  nitric  and  acetic  ackli  0 

formed  in  it    According  to  Thenard,  nitric  ether  consists  of 


Oxygen 48.52 

Carbon 28.45 

Nitrogen 14.49 

Hydrogen 8.54 

100.00 

Dr.  Thomson  {System^  Vol.  ii.,  p.  341.)  concludes,  from  aDalogf« 
that  nitric  ether  consists  of  4  proportionals  of  olefiant  gas,  =  S8,  md 
1  of  nitric  acid,  =  54  ;  or,  of 

4  proportionals  of  hydroja;eu  1X4=     4 

4  carbon     6   X   4  =  24 

1  nitrogen  ....      14 

5  *  oxygen     8   X   5  =  40 
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1907.  When  nitric  acid,  holding  mercury  or  silver  in  solotioiiii 
added  to  alcohol,  a  white  precipitate  is  formed  during  the  effenr» 
cence  that  ensues,  which  is  possessed  of  powerful  detonating  proper 
ties. 

Fulminating  Merc^^ry  was  discovered  by  Mr.  Howard  who  has  pm 
the  following  directions  for  its  preparation :  Dissolve  100  gniiff  d 
mercury,  in  a  measured  ounce  and  a  half  of  nitric  acid,  by  the  iMit- 
ance  of  a  gentle  heat ;  pour  this  solution  into  two  measured  ounces  of 
alcohol,  previously  put  into  an  evaporating  basin,  and  apply  a  geodi 
heat  till  an  effervescence  ensues  ;  when  tlus  has  ceased,  pour  the  li- 
quid ofi"  the  precipitite  which  falls,  collect  it  upon  a  filter,  wash  itvidi 
a  small  quantity  of  water,  and  dry  it  at  a  heat  not  exceeding  212». 

Fuhninating  mercury  thus  prepared  is  in  the  form  of  small  cnid' 
Uhe  grains,  of  a  wlutish  yellow  or  pale  grey  colour.     A  few  ff^ 
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n  a  smooth  ohfiI  and  struck  with  a  haminer,  detonate  with  ^ 
unniog  report ;  it  also  explodes  by  friction,  heat,  and  electri- 
d  by  the  action  of  concentrated  sulphuric  acid,  though  with  less 

[oward  considers  this  powder  as  a  compound  of  oxalate  of  roer* 
1  nitrous  etherized  gas :  Fourcrey,  however,  has  shown  that 
osition  varies  a  little,  under  different  circumstances  of  prepar- 
Howard,  Phil.  Trans,  y  1800. 

By  a  similar  process  nearly,  a  species  of  ftUmtnating  silver 
prelpared.  (Descotils,  Nicholson's  Journal^  Vol.  xviii.) 
ree  drachms  of  powdered  nitrate  of  silver,  pour  two»  ounces 
ilf  of  alcohol,  and  add  seven  drachms,  by  measure,  ^  nitric 
Vhen  the  effervescence  has  nearly  ceased  add  a  little  water, 
i  precipitate,  and  dry  it  in  the  open  air,  secluded  from  light. — 

Chemical  Amusement ,  Sd  edit.,  p.  102. 

very  dangerous  compound  explodes  upon  slight  friction,  or  * 
ntly  heated,  or  touched  with  sulphuric  acid,  and,  upon  the  con- 
t  sharp  piece  of  glass  or  rock  crystal,  it  detonates  even  under 
an  electric  spark  also  occasions  its  explosion. 
I  exploded  under  slight  pressure  in  contact  of  gunpowder,  itin- 
t. 

composition  of  this  species  of  fulminating  silver  has  not  been 
led  with  precision  ;  indeed,  the  subject  is  one  of  extreme  dif- 
,n  con(*equenceof  the  new  products  that  are  formed  by  its  sud- 
Dmposition. 

c.     Muriatic  Ether. 

Muriatic  ether  was  thus  obtained  by  Thenard,  {Mimoirs  d*  preparation. 
Tom.  i.)  :  Equal  measures  of  strong  liquid  muriatic  acid,  and 
*ectified  alcohol,  are  put  into  a  retort  communicating  with  a 
',  from  which  a  tube  passes  into  a  Wolfe^s  bottle  containing 
atcr,  and  having  a  tube  of  safety  :  from  this  there  issues  a 
e  passing  into  a  bottle  surrounded  by  ice.     On  applying  heat 
itort,  a  portion  of  alcohol  and  acid  piiss  into  the  first  receiver, 
ether  in  a  gaseous  state  escapes  through  the  warm  water  and 
tube,  and  is  condensed  in  the  cold  vessel. 
At  a  temperature  somewhat  below  70"  muriatic  ether  passes 
state  of  vapour,  of  which  the  specific  gravity  is  about  2.220, 
lir  being  1.000 ;  it  is  highly  inflammable,  its  taste  sweetish  and 
,  and  it  is  soluble  in  its  own  bulk  of  water  at  64^.     Its  speci- 
ty  in  a  liquid  state,  at  40^,  is  .870.     It  is  remarkable  that  this 
es  not  affect  vegetable  blues,  nor  does  it  afford  traces  of  chlo- 
he  usual  tests  ;  but,  when  burned,  muriatic  acid  is  immediate- 
iptiblc. 
According  to  Thenard,  this  ether,  contains 

Muriatic  acid 29.44 

Carbon 36  Gl 

Oxygen 23.31 

Hydrogen 10.64 

100.00 
4  B 
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paid  much  attention  to  this  aubjcct,  and  has  given  the  fcUowiqg  pra* 
cess  for  obtaining  nitric  ether  (Mhnoirei  d*  Arcueil^  Tofli.  i.,  wi 
Traiti  de  CkitnU,  Tom.  iii.,  p.  278.)  : 
frt]MriUo»  Introduce  into  a  sufficiently  capacious  retort  equal  weights  of  aloH 
hoi,  (specific  gravity  820)  and  of  nitric  acid  of  commerce  (specific  gra* 
yity  1.30)  and  connect  it  with  five  Wolfe's  bottles,  the  first  of  whkh 
is  empty,  and  the  remaining  four  half*fiUed  with  a  saturated  solatioa  sf 
salt  in  water.  Apply  a  gentle  heat  to  the  retort,  till  the  liquor  beg^m 
to  effervesce ;  then  withdraw  the  fire,  and  the  gaseous  matter  passii^ 
throij^h  the  bottles,  which  should  be  kept  cold  by  ice,  deposits  the 
ether  upon  the  saline  solution,  from  which  it  is  to  be  decanti^,  shaken 
with  chalk,  and  re-distilled  at  a  very  gentle  heat 

1906.  Nitric  ether,  thus  prepared,  has  the  following  pioperties :  It 
has  a  very  powerful  ethereal  odour ;  its  colour  is  pale  yellow ;  iti 
taste  very  pungent ;  its  specific  gravity  above  that  of  akohol,  but  less 
than  that  of  water.  It  is  more  volatile  than  sulphuric  ether,  and  the 
heat  of  the  hand  is  suBScient  to  produce  its  ebuUitioa.  It  is  soluUe  ia 
48  parts  of  water  ;  and  in  all  proportions  in  alcohol ;  this  last  sohrtion 
is  the  spiritus  atheris  nUrici^  or  tweet  spirit  of  niire^  of  the  Pharmaoh 
paia.  It  is  decomposed  by  keeping,  and  nitric  and  acetic  acids  are 
formed  in  it    According  to  Thenard,  nitric  ether  consists  of 

Oxygen 48.62 

Carbon 28.45 

Nitrogen 14.49 

Hydrogen 8.54 


100.00 


Dr.  Thomson  fSystem^  Vol.  ii,  p.  341.)  concludes,  from  analogy^ 
that  nitric  ether  consists  of  4  proportionals  of  olefiant  gas,  =  28,  and 
1  of  nitric  acid,  =  64  ;  or,  of 

4  proportionals  of  hydroja;eu  1X4=     4 

4  — . carbon     6   X  4  =  24 

1  nitrogen  ....     14 

6  ■ oxygen     8   X  5  ==  40 

82 

1907.  When  nitric  acid,  holding  mercury  or  silver  in  solntion^is 
added  to  alcohol,  a  white  precipitate  is  formed  during  the  efferves- 
cence  that  ensues,  which  is  possessed  of  powerful  detonating  proper- 
ties. 

Fulminating  Mercery  was  discovered  by  Mr.  Howard  who  has  given 
the  following  directions  for  its  preparation :  Dissolve  100  grains  of 
mercury,  in  a  measured  ounce  and  a  half  of  nitric  acid,  by  the  assist- 
ance of  a  gentle  heat ;  pour  this  solution  into  two  measured  ounces  of 
alcohol,  previously  put  into  an  evaporating  basin,  and  apply  a  gentle 
heat  till  an  effervescence  ensues  ;  when  tlus  has  ceased,  pour  the  li- 
quid off  the  precipiUte  which  falls,  collect  it  upon  a  filter,  wash  it  with 
a  small  quantity  of  water,  and  dry  it  at  a  heat  not  exceeding  212». 

Fuhninating  mercury  thus  prepared  is  in  the  form  of  small  crjstal- 
Uhe  grains,  of  a  whitish  yellow  or  pale  grey  colour.     A  few  grains 
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placed  OD  a  smooth  anvil  and  stmck  with  a  hammer,  detonate  with  ^ 
sharp  stunning  report ;  it  also  explodes  by  friction,  heat,  and  electri- 
city ;  and  by  the  action  of  concentrated  sulphuric  acid,  though  with  less 
noise. 

Mr.  Howard  considers  this  powder  as  a  compound  of  oxalate  of  mer- 
cury and  nitrons  etherized  gas :  Fourcroy,  however,  has  shown  that 
its  composition  varies  a  little,  under  different  circumstances  of  prepar- 
ing it. — Howard,  Phil.  Trans,  ^  1800. 

1908.  By  a  similar  process  nearly,  a  species  of  fulminating  silver 
may  be  prefpared.  (Descotils,  Nicholson's  Journal^  Vol.  xviii.) 
Upon  three  drachms  of  powdered  nitrate  of  silver,  pour  two»  ounces 
and  a  half  of  alcohol,  and  add  seven  drachms,  by  measure,  qf  nitric 
acid.  When  the  effervescence  has  nearly  ceased  add  a  little  water, 
wash  the  precipitate,  and  dry  it  in  the  open  air,  secluded  from  light. — 
Accum's  Cliemical  Amusement^  3d  edit.,  p.  102. 

This  very  dangerous  compound  explodes  upon  slight  friction,  or  * 
when  gently  heated,  or  touched  with  sulphuric  acid,  and,  upon  the  con- 
tact of  a  sharp  piece  of  glass  or  rock  crystal,  it  detonates  even  under 
water  ;  an  electric  spark  also  occasions  its  explosion. 

When  exploded  under  slight  pressure  in  contact  of  gunpowder,  it  in- 
flames it. 

The  composition  of  this  species  of  fulminating  silver  has  not  been 
ascertained  with  precision  ;  indeed,  the  subject  is  one  of  extreme  dif- 
ficulty, in  consequence  of  the  new  products  that  are  formed  by  its  sud- 
den decomposition. 

c.     Muriatic  Ether. 

1909.  Muriatic  ether  was  thus  obtained  by  Thenard,  T Jlf^^motr^  d' prcpantloo. 
ArcueiU  Tom.  i.)  :  Equal  measures  of  strong  liquid  muriatic  acid,  and 
highly  rectified  alcohol,  are  put  into  a  retort  communicating  with  a 
receiver,  from  which  a  tube  passes  into  a  Wolfe's  bottle  containing 

warm  water,  and  having  a  tube  of  safety  :  from  this  there  issues  a 
bent  tube  passing  into  a  bottle  surrounded  by  ice.  On  applying  heat 
to  the  retort,  a  portion  of  alcohol  and  acid  piiss  into  the  first  receiver, 
and  the  ether  in  a  gaseous  state  escapes  through  the  warm  water  and 
the  bent  tube,  and  is  condensed  in  the  cold  vessel. 

1910.  At  a  temperature  somewhat  below  70"  muriatic  ether  passes 
into  the  state  of  vapour,  of  which  the  specific  gravity  is  about  2.220, 
that  of  air  being  1.000 ;  it  is  highly  inflammable,  its  taste  sweetish  and 
ethereal,  and  it  is  soluble  in  its  own  bulk  of  water  at  64^*.  Its  speci- 
fic gravity  in  a  liquid  state,  at  40^,  is  .870.  It  is  remarkable  that  this 
ether  does  not  affect  vegetable  blues,  nor  does  it  afford  traces  of  chlo- 
rine to  the  usual  tests  ;  but,  when  burned,  muriatic  acid  is  immediate- 
ly perceptible. 

1911.  According  to  Thenard,  this  ether,  contains 

Muriatic  acid 29.44 

Carbon 36  (il 

Oxygen 23.31 

Hydrogen 10.64 

100.00 
4  B 
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Dr.  Thomson  considers  muriatic  ether  ai  a  compound  of  four  pro- 
portionals of  olefiant  gas,  and  one  of  muriatic  acid  -,  hence  it  would 

contain 

6  proportionals  of  hydrogen    1X5=  5. 

4  carbon         6X4=  24. 

1                           ■  chlorine 36 

65 
d.     Hydriodic  Ether. 

1912^ By  distilling  two  measures  of  alcohol,  with  one  of  concen- 
trated ligoid  hydriodic  acid,  Gay-Lussac  obtained  an  ethereal  liquid,  of 
a  specinc  gravity  of  1.920  at  72*»,  and  requiring  a  temperature  of  148o 
for  its  ebullition.  Its  properties  have  not  been  very  satisfiictorily  in* 
vestigated,  nor  have  any  accurate  experiments  demonstrated  its  compo* 
•  sition. — Annales  de  Chimie^  xci. 

Acetous  Fermentation. 

1913.  When  any  of  the  vinous  liquors  are  exposed  to  the  free  ac- 
cess of  atmospheric  air  at  a  temperature  of  80^  or  85^,  they  undergo 
a  second  fermentation,  terminating  in  the  production  of  a  sour  liquid, 
called  vinegar.  During  this  process  a  portion  of  the  oxygen  of  the 
air  is  cod  verted  into  cart>onic  acid ;  hence,  unlike  vinous  fermentation, 
the  contact  of  the  atmosphere  is  necessary,  and  the  most  obvious  pbas- 
nomcnon  is  the  removal  of  carbon  from  the  beer  or  wine  ;  the  vine- 
gar of  this  country  is  usually  obtained  from  malt  liquor,  while  wine  is 
employed  as  its  source  in  those  countries  where  the  grape  is  abundant- 
ly cultivated. 

1914.  The  colour  of  vinegar  varies  according  to  materials  from 
which  it  has  been  obtained  ;  that  manufactured  in  England  is  generally 
artiticially  coloured  with  burnt  sugai' :  its  taste  and  smell  are  agreeably 
acid.  Its  specific  gravity  is  liable  to  much  variation  ;  it  seldom  ex- 
ceeds 1.0250.  When  exposed  to  the  air  it  becomes  mouldy  and  pu- 
trid, chiefly  in  consequence  of  the  mucilage  which  it  contains,  and 
from  which  it  may  be  in  some  measure  purified  by  careful  distillation. 
According  to  Mr.  R.  Phillips,  (^Remarks  on  the  London  Pkartaacopcria,) 
when  good  malt  vinegar  of  the  specific  gravity  of  1.020  is  distilled,  the 
first  eighth  that  passes  over  is  of  the  specific  gravity  0.997  ;  the  next 
six-eighths  are  of  specific  gravity  1.0023,  and  a  iluid  ounce  decom- 
poses 8.12  grains  of  precipitated  carbonate  of  lime.  The  lightness  of 
the  first  portion  is  owing  to  its  containing  alcohol,  consequently,  in  the 
Pharmacopeia  process  it  is  ordered  to  be  rejected.  The  term  distilled 
vinegar,  or  dilute  acetic  acid,  is  properly  applied  to  the  second  portion ; 
it  is  erroneously  called  acetic  acid,  in  the  Pharmacopoeia.  The  matter 
which  remains  in  the  still  is  empyreumatic,  and  generally  contiiins 
some  other  vegetable  acids  :  when  the  vinegar  has  been  adulterated, 
which  is  not  unfrequently  the  case,  we  sometimes  find  in  it  muriatic 
and  sulphuric  acids. 

1915.  Distilled  vinegar  is  colourless,  and  ofa  flat  acid  taste;  it  con- 
sists essentially  of  the  real  acid  diluted  with  water.  To  obtain  acetic 
acid,  or,  as  it  has  been  sometimes  called,  radical  vinegar,  distilled  vi- 
negar may  be  saturated  with  some  metallic  oxide,  and'thc  acetate  thus 
obtained}  subsequently  decomposed. 
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1916.  Acetic  ftcid  is  tbus  procured  by  distilling  acetate  of  copper ^  or 
trystallized  verdigrig,  in  a  glass  retort  heated  gradually  to  redness  :  it 
requires  re-distillation  to  free  it  from  a  little  oxide  of  copper  which 
passes  over  in  the  first  instance.  Acetic  acid  may  also  be  obtained  by 
di!«tilling  acetate  of  soda  or  acetate  of  lead  with  halt  its  weight  of  sulphu- 
ric acid  :  or  from  a  mixture  of  equal  parts  of  sulphate  of  copper  and 
acetate  of  lead ;  in  these  cases,  the  acid  passes  over  at  a  moderate  tem- 
perature. 

1917.  A  considerable  quantity  of  acetic  acid  is  also  now  procured 
by  the  distillation  of  wood  in  the  process  of  preparing  charcoal  for  the 
manufacture  of  gunpowder.  The  liquor  at  first  procured  is  usually 
termed  pyroligneous  acid ;  it  is  empyreumatic  and  impure,  and  sere- 
ral  processes  have  been  contrived  to  free  it  from  tar  and  other  matters 
which  it  contains.  It  may  be  saturated  with  chalk  and  evaporated,  by 
which  an  impure  acetate  of  lime  will  be  obtained,  and  which,  mixed 
with  sulphate  of  soda,  furnishes,  by  double  decomposition,  sulphate  of 
lime  and  acetate  of  soda  :  the  latter  distilled  with  sulphuric  acid  affords 
a  sufficiently  pure  acetic  acid,  which  by  dilution  with  water  may  be 
veduced  to  any  required  strength.  The  purification  of  this  acid  has 
been  brought  to  great  perfection  by  Dr.  Bollman. 

1918.  Acetic  acid  obtained  by  Uiese  processes  is  transparent  and 
colourless,  its  odour  highly  pungent  and  it  blisters  and  excoriates  when 
applied  to  the  skin.  Its  specific  gravity  is  1.080.  It  is  extremely 
Tolatile,  and  its  vapour  readily  bums.  It  combines  in  all  proportions 
with  water,  and  when  considerably  diluted,  resembles  distilled  vinegar. 
When  highly  concentrated,  it  crystallizes  at  the  temperature  of  40*', 
bnt  liquefies  when  its  heat  is  a  little  above  that  point. 

1919.  According  to  Berzelius,  whose  analysis  of  acetic  acid  was  very 
carefully  conducted,  (Thomson's  Antuds^  Vol.  iv.)  its  ultimate  compo- 
nents are 

Carbon 46.83 

Oxygen 46.82 

Hydrogen 6.36 

100.00 
These  numbers  reduced  to  definite  proportionals,  are 

3  proportionals  of  hydrogen  1X3=     3 

4  carbon       6   X   4  =  24 

3  oxygen      ?  X  3  =  24 

61 

Hence  we  see  that  there  is  no  excess  of  oxygen  in  acetic  acid,  but 
that  it  consists  of 

3  proportionals  of  water    9  X  3  =  27 

4  carbon  6  X  4  =  24 

61 

The  chemist  above  quoted  has  given  the  composition  of  acetate  oi 
lead,  at  100  acid  +  217.5  oxide  of  lead,  and 

217.5  :  100  ::  U2  :  61.4 
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•o  th«t  the  number  51.5  may  safely  be  adopted  as  the  representafire 
ef  acetic  acid. 

1920.  The  acetates  are  all  soluble  in  water,  and  mostly  very  solu- 
ble :  many  of  them  are  deliquescent,  and  difficultly  crystallucaMe; 
they  are  decomposed  by  sulphuric  acid,  and  when  aubnutted  to  des* 
tractive  distillation,  furnish  a  modified  vinegar,  which  has  been  term* 
ed  pyroiuetic  acid  or  tjnrit :  these  decompositions  have  been  fully  in* 
vestigated,  and  the  properties  of  the  pyroaceUc  spirit  inquired  into,  by 
Mr.  Cheoeviz. — Annates  dt  Chimie^  xHx. 

The  following  are  among  the  most  important  of  the  acetates : 

1921.  Acetate  of  Jknmonia  is  a  very  deliquescent,  soluble  salt,  and 
extremely  difficultly  crystallizable.  In  solution,  obtained  by  saturating 
distilled  vinegar  with  carbonate  of  ammonia,  it  constitutes  the  liqvof 
ammonias  acetatti  of  the  Pharmacopaia,  which  has  long  been  used  in 
medicine  as  a  diaphoretic,  under  the  name  of  tpirit  of  Mindererus. 

1922.  Acetate  of  Potassa  is  usually  formed  by  saturating  distilled 
vinegar  with  carbonate  of  potassn,  and  evaporating  to  dryness.  If  this 
salt  be  carefully  fused,  it  concretes  into  a  lamellar  deliquescent  mass  on 
cooling.  It  is  the  terra  foliata  tartaric  9J\6  febrifuge  salt  of  Syhius  of 
old  pharmacy.  It  dissolves  in  its  own  weight  of  water  at  60*^,  and  the 
solution  has  an  acrid  saline  taste.  It  consists  of  one  proportional  of 
each  of  its  components,  or  48  potassa  +51.5  acetic  acid  bs  99.5  ace- 
tate of  potassa. 

1923.  Acetate  of  Soda  forms  prismatic  crystals,  not  deliquescent,  of 
an  acrid  bitterish  taste,  and  soluble  in  rather  less  than  three  parts  of  wa- 
ter at  60**.  It  is  the  terra  foliata  crystallisata  of  old  writers.  It  con- 
sists of  32.  soda  +  51  5  acetic  acid. 

1924.  Acetate  of  Lime,  is  a  difficultly  crystallizable  salt,  readily  so- 
luble in  water,  and  of  a  bitter  saline  taste ;  consisting  of  29  lime  + 
51.5  acid.  It  is  sometimes  obtained  by  saturating  the  vinegar  formed 
during  the  distillation  of  wood,  and  employed  in  the  preparation  of 
acetate  of  alumina,  which  is  used  by  the  calico-printers  as  a  mordant. 

1925.  Acetate  of  Baryta  furnishes  acicular  crystals  of  a  sour  aad 
bitterish  t'uste  :  in  cold  weather  the  concentrated  solution  congeals  in- 
to a  silky  congeries  of  crystals.  It  requires  rather  more  than  its  own 
weight  of  water  at  60*^  for  solution,  and  consists  of  51.5  acid +  78. 
baryta. 

1926.  Acetate  of  Strontia  furnishes  small  permanent  crystals,  con- 
sisting of  51.5  acid  +  52  strontia. 

1927.  Acetate  of  Magnesia  is  uncrystallizable,  and  of  a  bitterish 
sweet  taste.     It  consists  of  51.5  acid  +  20  magnesia. 

1928.  .^cc<atco/"^/a/i^anc5c,  formed  by  dissolving  the  protocarbonate 
n  acetic  acid,  crystallizes  in  rhomboidal  tables,  permanent,  and  of  a 
reddish  colour  and  astringent  metallic  tuste,  soluble  in  3^  parts  of  water 
at  60°.     They  consist  of  70  acid  and  water  +  30  protoxide  of  man- 
ganese.— John,  Gehlen's  Journal,  iv. 

1929.  Acetate  of  Iron.  The  acetic  acid  combines  with  both  oxides 
of  iron.  The  protacetate  is  formed  by  digesting  sulphuret  of  iron  in 
acetic  acid  ;  it  yields  green  prismatic  crystals,  of  a  styptic  taste,  and 
readily  soluble  in  water ;  the  solution  becomes  brown  by  exposure  to 
air,  and  passes  into  peracetate^  which  is  uncrystallizable,  and  obtained 
by  digesting  iron  in  acetic  acid.  This  compound  is  extensively  used 
by  calico-printers,  who  prepare  it  either  by  digesting  iron  in  pyrohg 


I  foand  tbat  it  was  copionsly  coagalable  by  die  actiOB  of  Vdtaie 
electricity^  and  was  hence  induced  to  consider  the  mncns  as  a  peculiar 
albuminous  combination,  not  coagulable  by  the  usual  means. — PkU. 
Trans.  ^  1809. 

1980.  The  Pancreatic  juiee  has  not  been  minutely  examined,  but 
from  the  experiments  of  Dr.  Fordyce,  it  would  appear  to  differ  little 
from  saliva. 

1 98 1 .  Teart  contain  a  small  portion  of  albumen  combined  with  soda, 
muriate  of  soda,  and  water.  There  are  also  small  portions  of  other 
•alts. 

1982.  Tke  hwnourf  of  the  Eye.  The  aqueous  hlltinour  is  composed 
of  water  holding  a  minute  quantity  of  albumen  and  saline  matter  m  so« 
lution  ;  the  crystalline  lens  also  contains  more  than  half  its  weight  of 
water,  the  remainder  being  an  albuminous  substance  with  traces  of 
muriates. 

1983.  Synovia  is  the  fluid  which  lubricates  the  sur&ces  of  joints. 
It  contains,  according  to  Mr.  Hatchett,  {Phil.  Trans, ^  1799.)  a  small 
portion  of  phosphate  of  lime,  and  of  phosphate  of  soda  and  ammonia ; 
the  animal  principle  appeared  to  be  albumen. 

1984.  Pus  is  a  term  applied  to  a  variety  of  secretions  from  abcesses 
and  ulcerated  surfaces.  When  it  indicates  a  healing  sore,  it  has  been 
called  healthy  pus,  and  has  the  following  properties.  It  has  the  consis- 
tency  of  cream,  a  yellowish  colour,  and  exhibits,  under  the  microscope, 
the  appearance  of  globules  diffused  through  a  fluid.  (Homb,  On  Ulcers^ 
S  Edit.,  p.  13.)  Its  specific  gravity  is  about  1.030.  It  does  not  affect 
vegetable  colours  till  it  has  been  some  time  exposed  to  air,  when  it 
becomes  slightly  sour ;  it  does  not  easily  mix  with  water,  alcohol,  or 
dUote  acids. — See  Dr.  Pbarson's  ExperimaUs  on  Pusy  Nicholsoh's 
Joumaly 


SxcTioir  VI.     Uirtne,  Urinary  Ci/e«/f ,  &c. 

1985.  This  secretion  presents,  perhaps,  greater  difficulties  to  the 
analytical  chemist,  than  any  other  aninial  product ;  it  is  extremely 
Bomplex,  and  subject  to  constant  change  in  the  proportions  of  its  com- 
ponents, and  in  disease  several  new  substances  make  their  appearance. 

The  chemical  history  of  the  urine  is  of  the  utmost  importance  to 
the  medical  practitioner;  it  teaches  the  nature  of  the  substances 
which  occasionally  predominate,  so  as  to  constitute  gravel  and  calc%di  ; 
■nd  shows  the  means  of  influencing  and  modifying  its  composition. 

The  general  cliaracters  of  the  urine  are  too  well  known  to  need 
iescription.  Its  specific  gravity  is  of  course  liable  to  much  variation 
even  in  the  healthy  state,  fluctuating  between  1005  and  1040.  The 
average  is  about  1020. 

1986.  The  substances  that  are  always  found  in  urine  are,  according 
to  my  own  experiments,  the  following : 

1.  Water.  7.  Phosphate  of  soda. 

2.  Carbonic  acid.  8.  Phosphate  of  magnesia. 
.3.  Phosphoric  acid.                      .  9.  Common  salt 

4.  Uric  acid.  10.  Sulphate  of  soda. 

5.  Phosphate  of  lime.  11.  Albumen. 
4p.  Phosphate  of  ammonia.  12.  Urea. 

4  n 


^12  ACBTATCfl. 

Carbonic  acid  pasted  through  a  solution  of  acetate  of  lead,  pfecipi* 
talcs,  as  I  am  informed  by  Mr.  James  South,  exactly  half  the  quantity 
of  the  oxide  which  the  salt  contains  ;  hence  a  binacetaU  is  probably 
formed  which  however  does  not  afford  crystals. 

According  to  the  experiments  of  Berzelius,  acetate  of  lead  consists 

•f 

Acetic  acid 26,97 

Protoxide  of  lead 58.71 

Water 14.32 

100  • 

hence  the  dry  acetate  is  composed  of 

1  proportional  of  acetic  acid 61.5 

I ^  yellow  oxide  of  lead  .  .  .   112. 


• 


163.5 


When  acetate  of  lead  is  submitted  to  destructiTe  distillation  it  far* 
nishes  n  considerable  quantity  of  a  peculiar  fluid,  smelling^and  burning 
like  alcohol. — Proust,  Journal  dt  Phynque^  Tom.  Ivi. 

1934.  When  100  parts  of  sugar  of  lead  are  boiled  in  water  with 
about  150  of  yellow  oxide,  or  of  linely  pawdered  litharge,  a  salt  is  ob- 
taincd  which  crystallizes  in  plates,  and  is  less  sweet  and  soluble  than 
the  acetate  ;  it  has  been  termed  subacetcUe  of  Itady  and  consists  accord- 
ing to  Berzelius  of  1  proportional  of  acid  ^^e  51.5  +  3  proportionals 
of  oxide  of  lead  336.  This  compound  has  long  been  used  in  pharma- 
cy, under  the  name  of  Goulard'^s  extract  of  lead.  It  is  very  rapidly 
precipitated  by  carbonic  acid,  of  which  it  is  a  most  delicate  test ;  it 
also  has  a  strong  attraction  for  vegetable  colouring  matter,  upon  which 
principle  I  employed  it  in  my  analysis  of  wines. — Phil.  Trans. ^  1813. 

1 935.  Acetate  of  Antimony,  formeil  by  digesting  the  protoxide  in  ace- 
tic acid,  was  once  employed  as  an  en^etic. 

1 938.  Acetate  of  Bismuth  may  be  formed  by  adding  nitrate  of  bis- 
muth to  a  concentrated  solution  of  acetate  of  potatisa  ;  a  precipitate 
falls,  which  re-dissolves  on  the  application  of  heat,  and  afterwards  af- 
fords scaly  crystals.  The  addition  of  acetic  acid  to  nitrate  of  bismuth 
prevents  its  precipitation  when  diluted. — Morveau,  EncycL  Method. 
Chimic,  i.  10. 

1937.  Acetate  of  Cobalt  may  be  obtained  by  digesting  oxide  of  cobalt 
in  acetic  acid  ;  it  is  uncrystallizable,  and  furnishes  a  sympathetic  ink, 
colourless  when  cold,  but  blue  when  heated. 

1 938.  Acetate  of  Uranium  forms  four-sided  prismatic  crystals  of  i 
yellow  colour. 

1930,  Acetate  of  Titanium,  not  examined. 

1 940.  Acetate  of  Cerium.  Recently  precipitated  oxide  of  cerium 
readily  dissolves  in  acetic  acid,  and  yields  small  crystals  on  evaporation, 
of  a  sweetish  ta^te,  permanent,  and  readily  soluble  in  water. — Hisin- 
GER  and  Berzelius,  Gehlen's  Journal,  ii.  414. 

1941.  Acetate  of  JVickel  forms  green  rhomboidal  crystals. 

1 942.  Acetate  of  Mercury.  Protacetate  of  Mercury  is  most  readily 
formed  by  mixing  a  solution  of  protonitrate  of  mercury  with  acetate  of 
potassa.  For  this  purpose  dissolve  three  ounces  of  mercury  in  about 
four  ounces  and  a  half  of  cold  nitric  acid,  and  mix  tliis  solution  with 
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I  foand  that  it  was  copionslj  coagalable  by  die  action  of  Voltaie 
electricity,  and  was  hence  induced  to  consider  the  mncns  as  a  pecaliar 
albuminous  combination,  not  coagulabie  by  the  usual  means.— PiU/. 
Tram.,  1809. 

1980.  The  PancrecUic  juiee  has  not  been  minutely  examined^  but 
from  the  experiments  of  Dr.  Fordyce,  it  would  appear  to  differ  little 
from  saliva. 

1981 .  Tear»  contain  a  small  portion  of  albumen  combined  with  soda, 
muriate  of  soda,  and  water.  There  are  also  small  portions  of  other 
•alts. 

1982.  Tke  hnmourf  of  the  Eye.  The  aqueous  Mimour  is  composed 
of  water  holding  a  minute  quantity  of  albumen  and  saline  matter  m  so« 
lution  ;  the  cryitalline  lens  also  contains  more  than  half  its  weight  of 
water,  the  remainder  being  an  albuminous  substance  with  traces  of 
muriates. 

1983.  Synovia  is  the  fluid  which  lubricates  the  sur&ces  of  joints. 
It  contains,  according  to  Mr.  Hatchett,  {Phil.  Trans. y  1799.)  a  small 
portion  of  phosphate  of  lime,  and  of  phosphate  of  soda  and  ammonia ; 
the  animal  principle  appeared  to  be  albumen. 

1984.  Pus  is  a  term  applied  to  a  variety  of  secretions  from  abcesses 
and  ulcerated  surfaces.  When  it  indicates  a  healing  sore,  it  has  been 
called  healthy  pus^  and  has  the  following  properties.  It  has  the  consis- 
tency of  cream,  a  yellowish  colour,  and  exhibits,  under  the  microscope, 
the  appearance  of  globules  diffused  through  a  fluid.  (Homb,  On  Ulcers^ 
S  Edit.,  p.  13.)  Its  specific  gravity  is  about  1.030.  It  does  not  affect 
vegetable  colours  till  it  has  been  some  time  exposed  to  air,  when  it 
becomes  slightly  sour ;  it  does  not  easily  mix  with  water,  alcohol,  or 
dilate  acids. — See  Dr.  Pbarson's  Experiments  on  Pusy  NicHOLSoir's 
Journal^ 


SECTioir  VI.     Urine,  Urinary  Calculi,  &c. 

1985.  This  secretion  presents,  perhaps,  greater  difficulties  to  the 
analytical  chemist,  than  any  other  animal  product ;  it  is  extremely 
oomplex,  and  subject  to  constant  change  in  the  proportions  of  its  com- 
ponents, and  in  disease  several  new  substances  make  their  appearance. 

The  chemical  history  of  the  urine  is  of  the  utmost  importance  to 
the  medical  practitioner;  it  teaches  the  nature  of  the  substances 
which  occasionally  predominate,  so  as  to  constitute  gravel  and  calc%di; 
■nd  shows  the  means  of  influencing  and  modifying  its  composition. 

The  general  characters  of  the  urine  are  too  well  known  to  need 
iescription.  Its  specific  gravity  is  of  course  liable  to  much  variation 
even  in  the  healthy  state,  fluctuating  between  1005  and  1040.  The 
average  is  about  1020. 

1986.  The  substances  that  are  always  found  in  urine  are,  according 
to  my  own  experiments,  the  following : 

1.  Water.  7.  Phosphate  of  soda. 

2.  Carbonic  acid.  8.  Phosphate  of  magnesia. 

3.  Phosphoric  acid.  .  9.  Common  salt. 

4.  Uric  acid.  10.  Sulphate  of  soda. 

5.  Phosphate  of  lime.  11.  Albumen. 
4p.  Phosphate  of  ammonia.  12.  Urea. 

4  n 


55?  .,  LYMPH    A99   MUCUS. 

15)73.  Biliary  Calculi  are  of  two  kinds ;  those  which  most  comn 
\y  occur,  arc  t^oft,  fusible,  of  a  crystalline  texture,  and  inflammal 
They  have  generally  been  considered  as  closely  resembling  spenni 
ti ;  they  are  soluble  in  boiling  alcohol,  in  ether,  and  difficultly  in  oi 
turpentine.  Chevreul,  having  remarked  some  peculiarities  in  1 
substance,  is  induced  to  regard  it  as  a  peculiar  animal  principle, 
distinguishes  it  by  the  name  of  choUsterine, 

1974.  Cholesterine  is  fusible  at  280**,  and  on  cooling  concretes! 
a  crystalline  mass ;  rapidly  heated  to  about  400^  it  evaporates  in  dc 
smoke  ;  it  is  insoluble  in  water,  and  nearly  so  in  cold  alcohol ;  boil 
alcohol  dissolves  about  ^  its  weight.     It  is  soluble  in  nitric  acid  ; 
not  convertible  into  soap  by  the  alcalis. 

1975.  The  other  kind  of  biliary  calculus  resembles  inspissated) 
in  appearance,  but  differs  from  it  in  being  insoluble  in  alcohol 
water.  It  is  often  mixed  with  variable  proportions  of  the  former,  c 
stituting  biliary  calculi  of  intermediate  characters. 

1976.  The  gall-stone  of  the  ox  is  nearly  insoluble  in  waternd 
cohol,  and  appears  to  consist  chiefly  of  the  yellow  matter  of  hi 
painters  sometimes  use  it  as  a  yellow  pigment. 


Section  V.     Lymph ,  Mucus,  Pus^  &c. 

1977.  The  liquid  which  lubricates  the  different  cavities  of  the  be 
which  is  contained  in  the  lymphatics,  and  which  occasionally  forms 
chief  contents  of  the  thoracic  duct,  has  been  termed  lymph.  It  is 
lourless,  transparent,  miscible  in  all  proportions  with  water,  does 
affect  vegetable  blues,  is  not  coagulated  by  acids  or  alcohol,  bato 
rendered  slightly  turbid  by  the  latter.  It  has  the  characters  of  a  v 
weak  solution  of  albumen. 

The  fluid  which  collects  in  cases  of  dropsy  and  in  vesications,  ii 
"^  a  similar  nature,  but  the  proportion  of  albumen  is  liable  to  variad 

and  hence  it  is  differently  influenced   by  tests ;  when  verv  rapi 
thrown  out  from  inflamed  surfaces,  it  sometimes  furnishes  a  coi^i 
'  ^  apparently  as  abundant  as  that  of  the  serum  of  the  blood. 

1978.  The  term  mucus  has  sometimes  been  applied  to  these  floj 
when  they  have  undergone  a  certain  degree  of  inspissation  ;  at  oti 
times,  it  has  been  used  to  designate  a  very  alcaline  albuminous  fli 

^  Dr.  Bostock  has  pointed  out  some  circumstances  in  which  mucus  < 

j  fers  from  liquid  albumen,  and  has  proposed  subacetate  of  lead  as  a1 

for  its  presence,  f  Nicholson's  JoumaU  Vol.  xi.)  But  that  saltii 
easily  decomposed  by  many  vegetable  and  animal  substances,  as  to  n 
dcr  it  of  doubtful  efficacy  for  this  purpose. 

1979.  Saliva  consists,  according  to  Dr.  Bostock,  (Nichoi,8on's/9i 
vf//.  Vol.  xiv.)  of 

\  Water 80 

Coagulated  albumen 8 

Mucus 11 

Valine  substances 1 

100 


I  found  that  it  was  copionslj  coagalable  by  die  action  of  Voltaie 
electricity,  and  was  hence  induced  to  consider  the  mncns  as  a  pecaliar 
albuminous  combination,  not  coagulabie  by  the  usual  means. — PkU. 
Trans.,  1809. 

1980.  The  Pancreaixc  juiee  has  not  been  minutely  examined,  but 
from  the  experiments  of  Dr.  Fordyce,  it  would  appear  to  differ  little 
from  saliva. 

1 98 1 .  Teart  contain  a  small  portion  of  albumen  combined  with  soda, 
muriate  of  soda,  and  water.  There  are  also  small  portions  of  other 
salts. 

1982.  7%e  hnmourt  of  the  Eye.  The  aqtteous  Mmour  is  composed 
of  water  holding  a  minute  quantity  of  albumen  and  saline  matter  in  so« 
lution  ;  the  cryitalline  lens  also  contains  more  than  half  its  weight  of 
water,  the  remainder  being  an  albuminous  substance  with  traces  of 
muriates. 

1983.  Synovia  is  the  fluid  which  lubricates  the  sur&ces  of  joints. 
It  contains,  according  to  Mr.  Hatchett,  {Phil.  Trans,  j  1799.)  a  small 
portion  of  phosphate  of  lime,  and  of  phosphate  of  soda  and  ammonia ; 
the  animal  principle  appeared  to  be  albumen. 

1984.  Pus  is  a  term  applied  to  a  variety  of  secretions  from  abcesses 
and  ulcerated  surfaces.  When  it  indicates  a  healing  sore,  it  has  been 
called  healthy  pus^  and  has  the  following  properties.  It  has  the  consis- 
tency of  cream,  a  yellowish  colour,  and  exhibits,  under  the  microscope, 
the  appearance  of  globules  diffused  through  a  fluid.  (Homb,  On  Ulcers^ 
S  Edit.,  p.  13.)  Its  specific  gravity  is  about  1.030.  It  does  not  affect 
vegetable  colours  till  it  has  been  some  time  exposed  to  air,  when  it 
becomes  slightly  sour ;  it  does  not  easily  mix  with  water,  alcohol,  or 
dilate  acids. — See  Dr.  Pb arson's  Experiments  on  Pus,  NicHOLSoir's 
Joumaly  XXX. 


SECTfOB  VI.     Urine^  Urinary  Calculi,  &c. 

1985.  This  secretion  presents,  perhaps,  greater  difficulties  to  the 
analytical  chemist,  than  any  other  animal  product ;  it  is  extremely 
Bomplex,  and  subject  to  constant  change  in  the  proportions  of  its  com- 
ponents, and  in  disease  several  new  substances  make  their  appearance. 

The  chemical  history  of  the  urine  is  of  the  utmost  importance  to 
the  medical  practitioner ;  it  teaches  the  nature  of  the  substances 
which  occasionally  predominate,  so  as  to  constitute  gravel  and  C4ilc%di  ; 
Bud  shows  the  means  of  influencing  and  modifying  its  composition. 

The  general  cliaracters  of  the  urine  are  too  well  known  to  need 
ktcription.  Its  specific  gravity  is  of  course  liable  to  much  variation 
even  in  the  healthy  state,  fluctuating  between  1005  and  1040.  The 
ftverage  is  about  1020. 

1986.  The  substances  that  are  always  found  in  urine  are,  according 
to  my  own  experiments,  the  following : 

1.  Water.  7.  Phosphate  of  soda. 

2.  Carbonic  acid.  8.  Phosphate  of  magnesia. 

3.  Phosphoric  acid.  .  9.  Common  salt 

4.  Uric  acid.  10.  Sulphate  of  soda. 

5.  Phosphate  of  lime.  11.  Albumen. 
^.  Phosphate  of  ammonia.  12.  Urea. 

4  n 
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i;^  •nn  or  nn  smo».  '^  ^ 


£hcTiw  11.    Of  Af  Blood. 

1953.  Iff  the  hu^er  orden  of  animali  the  Uood  ii  of  a  t«d  coU«r, 
florid  in  the  artenes,  and  du^  in  Oe  TeinA.  The  tpeeifte  i^avitj  of 
hiunan  Uood  ii  liable  to  some  variation.  I  have  found  it  at  low  m 
1.060  and  m  hi|^  as  1.070»  hot  am  nnaiUe  to  refiw  to  imy  ciicah- 
•tancet  which  mi|^t  be  conridered  m  the  eaoie  of  thii  difierenee. 

When  blood  is  drawn  fhmi  itf  veflsek  in  the  living  ammal,  it  aoon 
concretes  into  a  jelhr4ike  bihS)  which  afterwards  gftsdoail]^  separates 
into  a  fluid  ttriMiy  of  a  pale  straw  coloiir»  and  a  congolated  crattflmtw 
Iwn,  or  cmoTy  which  is  red.    The  cause  of  this  co^pdatioii  is  quite 
unknown. 

1964.  The  spedficgravity  of  the  seram  of  flie  Uood^ls  npon  an  aire- 
rage  l.OSO.  It  reddens  tb^  yellow  of  toimeric,  and  changes  the  Uoe 
of  violets  to  green,  a  property  derived  from  a  portioii  of  soda.  At  a 
temperature  of  160*9  it  becomes  a  firm  yeQowish  white  co^golmn^  re* 
sembling  in  appearance  and  properties  the  coagulated  wbSm  ef  cg^ 
and,  as  the  principle  to  which  this  property  is  owing  is  the  ssbm  m 
both  substances, it  has  been  called  oImmwh,  Alcohol,  indmaiq^  ef  the 
.  acids,  also  occasion  the  coagulation  of  the  serum  of  Uood. 

100  parts  of  human  serum  contun  between  eidit  and  nine  parts  of 
albumen,  rather  less  than  one  part  of  carbonate  of  soda,  md  about  die 
same  quantity  of  common  salt,  the  remaibing  90  parts  beiiig  water. 
Thcee  at  least  are  the  proportions  which  my  own  eiperimentB  lead  me 
to  believe  correct ;  but  me  analysis  is  involved  in  so  much  diSadty 
that  the  results  can  only  be  considered  as  approitmatiqg  to  the  truth; 
indeed  it  iA  probable  that  the  compositioo  c^the  serum  is  liable  to  amch 
variation. 

Dr.  Marcet  and  Berzelius  have  each  given  an  analvsis  of  the  serum 
of  human  blood  ;  the  following  are  their  results.    Cmeiit 
TfxinsactionSf  Vol.  ii.    Annali  of  Philosophy^  Vol.  li.): 

Marsct. 

Water 900. 

Albumen    -••....••  86.8 

Muriates  ofpotassa  and  soda    -    «*    -  6.6 

Muco-extractive  matter 4.0 

Carbonate  of  soda     ...«••  1.65 

Sulphate  of  potassa 0.35 

Earthy  phosphates 0.60 

1000.00 
Berxilius. 

Water 905.0 

Albumen go.o 

Muriates  of  potassa  and  soda  •  •  -  6.0 
Lactate  ofsoda,  with  animal  matter  -  4.0 
Soda  and  phosphate  of  soda  with  ditto  4.1 
Loss     •.£ 0.9 

1000.0 


ram.  SS2 

I  foand  that  it  was  copionsly  coagalable  by  die  actioB  of  Vdtaie 
electricity,  and  was  hence  induced  to  consider  the  mncas  as  a  pecaliar 
albuminous  combination,  not  coagulable  by  the  usual  means. — PkU. 
Trans.  ^  1809. 

1980.  The  Pancreatic  juiee  has  not  been  minutely  examined,  but 
from  the  experiments  of  Dr.  Fordyce,  it  would  appear  to  differ  little 
from  saliva. 

1 98 1 .  Teart  contain  a  small  portion  of  albumen  combined  with  soda, 
muriate  of  soda,  and  water.  There  are  also  small  portions  of  other 
salts. 

1982.  7%e  humourt  of  the  Eye,  The  aqueous  Mmour  is  composed 
of  water  holding  a  minute  quantity  of  albumen  and  saline  matter  in  so- 
hition  ;  the  crystalline  lens  also  contains  more  than  half  its  weight  of 
water,  the  remainder  being  an  albuminous  substance  with  traces  of 
muriates. 

1983.  Synovia  is  the  fluid  which  lubricates  the  sur&ces  of  joints. 
It  contains,  according  to  Mr.  Hatchett,  {PhU.  Trans. ^  1799.)  a  small 
portion  of  phosphate  of  lime,  and  of  phosphate  of  soda  and  ammonia ; 
the  animal  principle  appeared  to  be  albumen. 

1984.  Pus  is  a  term  applied  to  a  variety  of  secretions  from  abcesses 
and  ulcerated  surfaces.  When  it  indicates  a  healing  sore,  it  has  been 
called  healthy  pus^  and  has  the  following  properties.  It  has  the  consis- 
tency of  cream,  a  yellowish  colour,  and  exhibits,  under  the  microscope, 
the  appearance  of  globules  diffused  through  a  fluid.  (Homb,  On  Ulcers^ 
%  Edit.,  p.  13.)  Its  specific  gravity  is  about  1.030.  It  does  not  affect 
vegetable  colours  till  it  has  been  some  time  exposed  to  air,  when  it 
liecomes  slightly  sour ;  it  does  not  easily  mix  with  water,  alcohol,  or 
dilate  acids. — See  Dr.  Pbarson's  ExperitMnis  on  Pusy  Nicholsoh's 
Journal  y  xxx. 


SxcTioir  VI.     Urine^  Urinary  Calculi^  &c. 

1985.  This  secretion  presents,  perhaps,  greater  difficulties  to  the 
analytical  chemist,  than  any  other  animal  product ;  it  is  extremely 
Bomplex,  and  subject  to  constant  change  in  the  proportions  of  its  com- 
ponents, and  in  disease  several  new  substances  make  their  appearance. 

The  chemical  history  of  the  urine  is  of  the  utmost  importance  to 
the  medical  practitioner;  it  teaches  the  nature  of  the  substances 
which  occasionally  predominate,  so  as  to  constitute  gravel  and  calculi; 
■nd  shows  the  means  of  influencing  and  modifying  its  composition. 

The  general  characters  of  the  urine  are  too  well  known  to  need 
iescription.  Its  specific  gravity  is  of  course  liable  to  much  variation 
even  in  the  healthy  state,  fluctuating  between  1005  and  1040.  The 
average  is  about  1020. 

1986.  The  substances  that  are  always  found  in  urme  are,  according 
to  my  own  experiments,  the  following : 

1.  Water.  7.  Phosphate  of  soda. 

2.  Carbonic  acid.  8.  Phosphate  of  magnesia. 

3.  Phosphoric  acid.  .  9.  Common  salt 

4.  Uric  acid.  10.  Sulphate  of  soda. 

5.  Phosphate  of  lime.  11.  Albumen. 
4p.  Phosphate  of  ammonia.  12.  Urea. 

4  n 


1 


549  coLomu^a  HAKOi  or  linr  itooo. 

Alihoug^  the  cmse  of  the  spoiiteiiooQs  coagldatioB  ef  fafaod  be  ifai- 
loiowD,  theproceascoDfiitsinaj^rtimof  the  allMuiie&  eapentnig  u 
a  solid  form  along  with  the  coloomg  natter,  while  another  portion  re- 
mains dissolred  in  the  senim ;  this  effect  is  sooMwhat  analogooa  to  the 
crystallisation  of  a  saline  solution,  m  which  oAe  portion  of  the  salt  se- 
parates, while  another  remams  disiM^lyed. 

1958.  The  colour  of  the  blood  has  generally  been  referred  to  small 
ridboles  of  a  red  c^onr,  which  by  the  aid  of  the  micreacope  msw  be 
$scemed  in  it ;  and  it  was  supposed  that  these  ijUMks  are  soloUe  in 
water.  Bat  it  has  been  shown  by  Dr.  Tonng,  t£it  thb  is  not  the  case, 
«id  that  the  effect  of  water  is  to  dissolve  the  coloariiy  matter  only, 
leaving  the  g^obide  perfecd^  colourless ;  in  this  state  ihe  dobolar  parti- 
cles have  the  pro|iertias  ofalbumen.  The  diameter  of  me  ^MnJieB  ia 
human  Uood  vanes  from  j/n  ^  tAv  otwa  inch. — iZsmodbt  o»  Blood 
Mnd  Fttff,  tf»  Dr.  Youiro*s  Mtdual  LU^raimro. 

The  colouring  matter  of  the  blood  can  scarcelv  be  obtaiaed  free 
from  other  substances.  By  stirring  it  during  coaguiatipn,  a  coMidera- 
ble  portion  is  diffused  through  tM  serum  from  which  it  afierwaids 
subsides.  Vauquelin  advises  the  digestion  of  tibe  cowulom,  draiaed  of 
serum,  in  dilute  sulphuric  acid,  at  a  temperature  ci  IW^.  The  B- 
quid,  filtered  while  hot,  is  to  be  evaporated  to  half  its  bulk,  and  near- 
ly saturated  with  ammonia ;  the  colouring  matter  fiils,  and  is  to  be 
washed  and  dried,  (j0fina/et  de  Chtmte  et  Pi^nquef  Tom.  i.)  We  must 
not,  however,  trust  animal  principles  to  Uiese  complex  operatioas ; 
and  there  can  I  think  be  little  doubt  that,  the  colouring  principle  has 
undergone  some  change  in  M.  Vauquelin's  process. 

The  chemical  properties  of  the  colourihg  matter  of  the  Mood  show 
^  that  it  is  a  peculiar  animal  principle.  It  is  soluble  in  coU  water,  and 
the  solution,  when  boiled,  deposits  a  brown  sediment  of  altered  colour- 
ing matter.  Muriatic,  dilute  sulphuric,  and  several  of  the  vegetable 
acids,  and  the  caustic  and  carbonated  alcalis,  readily  dissolve  the  co- 
louring matter,  and  form  solutions  of  different  tints  of  red,  and  of  a 
peculiar  greenish  hue  when  viewed  by  transmitted  light.  Nitric  acid 
instantly  renders  these  solutions  brown,  and  decomposes  the  red  prin- 
ciple. These  experiments,  of  which  I  have  given  a  detailed  account  ia 
the  PhiloBosopkical  Transactions  for  1812,  led  me  to  regard  the  colour- 
ing matter  of  the  bl<A>d  as  a  distinct  proximate  principle  of  animal  mat- 
ter, perfectly  independent  of  the  presence  of  iron,  to  which  its  pecu- 
liarities were  at  one  time  referred  by  MM.  Fourcroy  and  Vauquehn ; 
and  the  latter  of  these  celebrated  chemists  has  more  lately  verified  mj 
conclusions  in  the  above-quoted  memoir.  Berzelius,  whose  labours  in 
animal  chemistry  are  so  extended  and  well  known,  has,  however,  ob- 
tained different  results  ;  he  finds  the  crassamentum  of  the  blood  to 
consist  of 

Colouring  matter 64 

Fibrin  and  albumen 36 


of 


100 
The  colouring  matter,  when  incinerated,  affords  a  residue,  consiitii^ 


• 


intK,  BVT1•n^  kt.  64! 


Oxide  of  iroD 50.0 

Subphosphate  of  ifoq 7.5 

Phosphate  of  lime  with  magQesia  .     .    .     •  6.0 

Lime 20.0 

Carbonic  acid  and  loss    .     .     .     .     ^     .     .  16.5 


100.0 

The  iron  appears  to  be  rejard^d  by  Berzelius  as  contributing  to  the 
red  colour  of  the  blood,  (Thomson^s  System^  Vol.  iy.,  p.  501.)  a  con- 
clusion which  my  own  experiments,  detailed  in  the  paper  already  quot- 
ed, by  no  means  warrant,  and  which  is  also  at  variance  with  the  opi- 
nion of  M.  Vauquelin. 

1959.  Besides  the  principles  now  enumerated,  and  which  may  be 
considered  as  essential  to  the  blood,  it  often  contains  carbonic  acid, 
which  escapes  when  the  blood  is  gently  heated,  or  placed  under  the 
exhausted  receiver  of  the  air-pump^  , 

Experiments  on  the  blood,  in  different  diseases,  have  thrown  no  light 
whatever  on  their  nature,  nor  have  amr  material  differences  been  found 
'|d  the  blood  of  the  same  animal  at  different  periods,  or  in  that  of  dif- 
ferent animals  of  the  same  class. 


Sectiov  IIK    Milk. 

1960.  The  chemical  properties  of  this  secretion  differ  somewhat  in 
^tifferent  animals.  The  milk  of  the  coW  has  been  most  attentively  ex- 
amined, and  it  has  the  following  properties  : 

It  is  nearly  opaque ;  white,  or  slightly  yellow ;  of  an  agreeable 
sweetish  taste,  and  a  peculiar  smell.  Its  specific  gravity  varies  from 
1018  to  1020.  It  boils  at  a  temperature  a  little  above  that  of  water, 
and  freezes  at  32*.  When  allowed  to  remain  a  few  hours  at  rest, 
«  thick  unctuous  liquid  collects  upon  its  surface  called  cream ;  the 
colour  of  the  remaining  milk  becomes  bluish  white  and  when  heated 
to  about  100*  with  a  little  retutet,  it  readily  separates  into  a  coagulwn 
or  curdy  and  a  serum  or  whey.  In  this  way  the  three  principal  consti- 
toents  of  milk  are  separable  from  each  other. 

1961.  By  the  process  of  churning,  cream  is  separated  into  butter ^ 
and  butter-milk,  the  latter  being  the  whey  united  to  a  portion  of  curd. 
According  to  Berzelius,  100  parts  of  cream,  of  the  specific  gravity  of 
1024,  consists  of 

Butter 4.5 

Curd 3.5 

Whey 92.0 


^ 


100.0 


Butter  may  be  considered  as  an  animal  oil,  containing  a  small  portion 
of  curd  and  whey.  It  liquefies  at  about  98*,  and  by  this  process  the 
impurities  are  separated,  and  it  remains  a  longer  time  without  becom- 
ing rancid. 


•ACLILCTIC  AC»« 

I96t.  The  curd  of  milk  has  the  leading  properties  of  coagulated 
albumen,  and,  like  that  principle,  is  coagulable  bj  alco)iol  and  acids, 
and  is  also  similarly  affected  Vy  Voltaic  electricity  ;  heat  slowly  pro- 
duces the  same  effect,  and  by  boiling  milk,  the  albumen  separates  in 
successive  films. 

1963.  Curd,  in  combination  with  Tarious  proportions  of  butter, 
constitutes  the  varieties  of  cheese ;  that  containing  the  largest  quantity 
of  oil  becomes  semi-fluid  when  heated  ;  it  is  prone  to  decomposition, 
and  a  large  quantity  of  ammonia  is  then  formed  in  it ;  whereas  bad 
eheese,  which  consists  of  httle  else  than  curd  or  albumen,  shrinks  and 
dries  when  heated,  curling  up  like  a  piece  of  horn. 

'  1964.  WKey  is  a  transparent  fluid  of  a  pale  yellow  colour  and  a 
sweetish  flavour ;  by  evaporation  it  affords  a  minute  quantity  of  saline 
Blatter,  and  a  considerable  portion  of  sugar  of  milk. 

1965.  Sugar  of  Milk  may  be  obtained  in  white  rhomboidal  crystals* 
of  a  sweet  taste,  and  soluble  in  seven  parts  of  water  at  60^,  but  inso- 
luble in  alcohol.  When  exposed  to  heat,  it  affords  nearly  the  same 
Products  as  common  sugar.  It  consists,  according  to  Berzelias,  when 
eprived  of  water,  of 

Carbon 46.267 

Oxygen 48.348 

Hydrogen 6.385 

100.000 

1 966.  When  sugar  of  milk  is  treated  with  nitric  acid,  it  affords  a  pe- 
culiar acid,  similar  to  that  above-mentioned,  as  obtained  from  gun 
(1549).  To  procure  this  acid,  one  part'of  powdered  gum  arable  may 
be  digested  in  two  of  nitric  acid,  in  a  moderate  heat ;  as  soon  a»  effer- 
vescence commences,  set  the  flask  in  a  cool  place,  and  a  quantity  of 
white  powder  subsides,  which  is  to  be  collected  upon  a  filter,  digested 
in  dilute  nitric  acid  to  separate  oxalate  of  lime,  and  subsequently  puri- 
fied by  boiling  water,  which  deposits  the  mucic  or  saclactic  acid  on 
cooling.  If  sugar  of  milk  be  used  instead  of  gum,  it  is  obtained  pure 
by  the  first  operation.  This  acid  is  not  crystallizable,  and  is  sparingly 
soluble  in  water,  requiring  60  parts  at  212^,  and  is  deposited  as  the 
solution  cools,  in  the  form  of  a  white  gritty  powder ,  of  a  slightly  acid 
taste.  It  combines  with  the  metallic  oxides,  and  forms  a  class  of  salts 
called  saccholates.  It  consists,  according  to  Berzelius,  (Annals  of  Phi- 
losophy^ Vol.  V.)  of 

Carbon 33.430 

Oxygen 61.465 

Hydrogen 5.106 

100.000 

1H67.  The  saccholatesy  or  saclaciates,  have  scarcely  been  examined. 
With  ammonia,  potassa,  and  soda,  this  acid  forms  crystallizable  com- 
pounds, more  soluble  than  the  acid.  The  saclactates  of  lime,  baryta, 
and  strontia,  are  insoluble,  as  are  those  of  silver,  mercury,  and  lead. 

1968.  When  milk  or  whey  are  exposed  to  a  temperature  between 
60®  and  80®,  they  undergo  a  spontaneous  change,  attended  by  the  pro- 
duction of  an  acid,  which  was  originally  exammed  by  Scheele,  and  bus 


BILE.  561 

teen  termed  laeUe  o/cid.  Fouicroy  and  Vauquelin  haye  shown  reason 
to  inspect  its  peculiar  nature,  and  were  led  to  regard  it  as  identical  with 
the  acetic  acid.  Berzelins  has  more  recently  revived  the  opinion  of 
Scheele,  hnt  I  am  induced  from  my  own  experiments  to  beheve,  that 
if  it  be  not  the  acetic  acid  originally,  it  becomes  so  by  combination 
with  abase,  and  subsequent  separation  by  sulphuric  acid. 

1969.  In  some  cases  whey  may  be  made  to  undergo  vinous  fermen- 
tation ;  and  the  Tartars,  it  is  said,  prepare  a  kind  of  wine  from  the 
whey  of  mares'  milk,  which  they  call  ^wmtK-^Edinhwrgk  Phil. 
tlVant.,  Vol.  ii. 


Sectioh  IV.    Bile. 

1970.  This  secretion  is  formed  in  the  liver,  from  venous  blood.  It 
is  an  unctuous  liquid,  of  a  yeUowish  green  colour,  and  its  sj»ecific  gra- 
vity is  between  1020  and  1030.  Its  taste  is  intensely  bitter,  and  it 
readily  putrefies,  exhaling  a  most  'nauseous  odour, 

1971.  When  the  bile  of  the  ox  is  distilled,  it  affords  about  90  per 
tent,  of  insipid  water  ;  the  residuum  is  brown,  bitter,  and  maybe  re- 
dissolved  in  water ;  it  affords  traces  of  uncombined  alcali,  which  ap- 
pears to  be  soda.  The  acids  render  bile  turbid,  and  separate  from  it 
a  substance  which  possesses  many  of  the  properties  of  albumen.  It  is 
likewise  coagulated  by  alccrfiol,  and  upon  filtering  off  the  clear  liquor 
and  evaporating  it,  an  inflammable  fusible  substance  is  obtained,  of  an 
intensely  bitter  flavour,  combined  with  a  portion  of  soda  and  common 
•alt :  this  hte  been  termed  the  resin  of  6t7e,  and  appears  to  be  the 
principle  which  confers  upon  it  its  chief  peculiarities.  We  should, 
Ihereiore,  conclude,  as  the  result  of  these  observations,  that  bile  con- 
Mta  of  water,  albumen,  soda,  a  bitter  resin,  and  some  minute  portions 
ef  saline  matter. 

1972.  Thenard  separated  from  bile  a  peculiar  substance,  which  he 
Ims  .termed  picrome/;  but  the  process  by  which  he  obtained  it  is  so 
complex,  that  I  think  it  doubtful  whether  it  be  a  product  or  an  educt. 
The  same  chemist  baa  given  the  following  table  of  the  ingredients  of 
ex-bile,  but  as  this  secretion  is  liable  to  considerable  variation  in  ap- 
pearance and  specific  gravity,  it  is  probable  that  little  reliance  can  be 
placed  in  the  accuracy  of  the  numbers  (Traiti  de  Chimiey  Tom.  iii.,  p. 

Water 700 

Ream 15 

Picromel 69 

Yellow  matter 4 

Soda 4 

Phosphate  of  soda 2 

Muriates  of  soda  and  potassa     -     -     -  3.5 . 

Sulphate  of  soda 0.8 

Phosphate  of  lime  and  of  magnesia    -  1*2 

Oxide  of  iron ..-a  trace 

1000. 


^5^  .»  LYMPH    ▲ND   MUCUS. 

1973.  Biliary  Calculi  are  of  two  kinds ;  those  which  most  Cooibmmi- 
W  occur,  arc  soft,  fusible,  of  a  crjrstalline  texture,  and  iDflammalile. 
They  have  generally  been  considered  as  closely  resembling  spernmce'* 
ti ;  they  are  soluble  in  boiling  alcohol,  in  ether,  and  difficultly  in  oil  of 
turpentine.  Chevreul,  having  remarked  some  peculiarities  in  this 
substance,  is  induced  to  regard  it  as  a  peculiar  animal  principle,  and 
distinguishes  it  by  the  name  of  cholesterine. 

1974.  Cholesterine  is  fusible  at  280°,  and  on  cooling  concretes  into 
a  crystalline  mass ;  rapidly  heated  to  about  400^  it  evaporates  in  dense 
smoke  ;  it  is  insoluble  in  water,  and  nearly  so  in  cold  alcohbl ;  boiling 
alcohol  dissolves  about  ^  its  weight.  It  is  soluble  in  nitric  acid  ;  but 
not  convertible  into  soap  by  the  alcalis. 

1975.  The  other  kind  of  biliary  calculus  resembles  inspissated  bile 
in  appearance,  but  differs  from  it  in  being  insoluble  in  alcohol  and 
water.  It  is  often  mixed  with  variable  proportions  of  the  former,  con- 
stituting biliary  calculi  of  intermediate  characters. 

1976.  The  gall-stone  of  the  ox  is  nearly  insoluble  in  water  and  al- 
cohol, and  appears  to  consist  chiefly  of  the  yellow  matter  of  bOe  ^ 
painters  sometimes  use  it  as  a  yellow  pigment. 


Section  V.     Lymphy  Mucus,  Pus,  &c. 

1977.  The  liquid  which  lubricates  the  different  cavities  of  thebo^, 
which  is  contained  in  the  lymphatics,  and  which  occasionally  forms  the 
chief  contents  of  the  thoracic  duct,  has  been  termed  lymph.  It  is  co- 
lourless, transparent,  miscible  in  all  proportions  with  water,  does  not 
affect  vegetable  blues,  is  not  coagulated  by  acids  or  alcohol,  but  only 
rendered  slightly  turbid  by  the  latter.  It  has  tbe  characters  of  a  very 
weak  solution  of  albumen. 

The  fluid  which  collects  in  cases  of  dropsy  and  in  vesications,  is  of 
a  similar  nature,  but  the  proportion  of  albumen  is  liable  to  variation, 
and  hence  it  is  differently  influenced  by  tests ;  when  very  rapidly 
thrown  out  from  inflamed  surfaces,  it  sometimes  furnishes  a  coagolum, 
apparently  as  abundant  as  that  of  the  serum  of  the  blood. 

1978.  The  term  mucus  has  sometimes  been  applied  to  these  fluids, 
when  they  have  undergone  a  certain  degree  of  inspissation  ;  at  other 
times,  it  has  been  used  to  designate  a  very  alcaline  albuminous  fluid. 
Dr.  Bostock  has  pointed  out  some  circumstances  in  which  mucus  dif- 
fers from  liquid  albumen,  and  has  proposed  subacetate  of  lead  as  a  test 
for  its  presence.  (Nicholson's  Journal^  Vol.  xi.)  But  that  salt  is  so 
easily  decomposed  oy  many  vegetable  and  animal  substances,  as  to  ren- 
der it  of  doubtful  efficacy  for  this  purpose. 

1 979.  Saliva  consists,  according  to  Dr.  Bostock,  (Nichoi.8on'8  Jour- 
?;«/,  Vol.  xiv.)  of 

Water 80 

Coagulated  albumen 8 

Mucus 11 

Saline  substances 1 

100 


I  foond  that  it  was  copiously  coagalable  by  die  actioB  of  Voltaie 
electricity,  and  was  hence  induced  to  consider  the  mncas  as  a  pecaliar 
albuminous  combination,  not  coagulable  by  the  usual  means.— PAtf, 
Tram,  J  1809. 

1980.  The  Pancreatic  juice  has  not  been  minutely  examined,  but 
from  the  experiments  of  Dr.  Fordyce,  it  would  appear  to  differ  little 
from  saliva. 

1 98 1 .  Tears  contain  a  small  portion  of  albumen  combined  with  soda, 
muriate  of  soda,  and  water.  There  are  also  small  portions  of  other 
■alts. 

1982.  The  humours  of  the  Eye,  The  aqueous  htmour  is  composed 
of  water  holding  a  minute  quantity  of  albumen  and  saline  matter  m  80« 
lution  ;  the  crystalline  lens  also  contains  more  than  half  its  weight  of 
water,  the  remainder  being  an  albuminous  substance  with  traces  of 
muriates. 

1983.  Synovia  is  the  fluid  which  lubricates  the  surfaces  of  joints. 
It  contains,  according  to  Mr.  Hatchett,  {Phil,  Tram,^  1799.)  a  small 
portion  of  phosphate  of  lime,  and  of  phosphate  of  soda  and  ammonia ; 
the  animal  principle  appeared  to  be  albumen. 

1984.  Pus  is  a  term  applied  to  a  variety  of  secretions  from  abcesses 
and  ulcerated  surfaces.  When  it  indicates  a  healing  sore,  it  has  been 
called  healthy  pus^  and  has  the  following  properties.  It  has  the  consis- 
tency of  cream,  a  yellowish  colour,  and  exhibits,  under  the  microscope, 
the  appearance  of  globules  diffused  throu^  a  fluid.  (Homb,  On  Ulcers^ 
2  Edit.,  p.  13.)  Its  specific  gravity  is  about  1.030.  It  does  not  affect 
vegetable  colours  till  it  has  been  some  time  exposed  to  air,  when  it 
becomes  slightly  sour ;  it  does  not  easily  mix  with  water,  alcohol,  or 
dilate  acids. — See  Dr.  Pbarson's  Experimenis  on  Fiif,  Nicholson's 
J<ntmaly  xxx. 


SxcTfoir  VI.     l/irtne.  Urinary  Calculi^  &c. 

1985.  This  secretion  presents,  perhaps,  greater  difficulties  to  the 
malytical  chemist,  than  any  other  animal  product ;  it  is  extremely 
iMMnplex,  and  subject  to  constant  change  in  the  proportions  of  its  com* 
pooents,  and  in  disease  several  new  substances  make  their  appearance. 

The  chemical  history  of  the  urine  is  of  the  utmost  importance  to 
the  medical  practitioner;  it  teaches  the  nature  of  the  substances 
which  occasionally  predominate,  so  as  to  constitute  gravel  and  calculi  ; 
■nd  shows  the  means  of  influencing  and  modifying  its  composition. 

The  general  characters  of  the  urine  are  too  well  known  to  need 
iescription.  Its  specific  gravity  is  of  course  liable  to  much  variation 
even  in  the  healthy  state,  fluctuating  between  1005  and  1040.  The 
everage  is  about  1020. 

1986.  The  substances  that  are  always  found  in  urine  are,  according 
to  my  own  experiments,  the  following : 

1.  Water.  7.  Phosphate  of  soda. 

2.  Carbonic  acid.  8.  Phosphate  of  magnesiat 

3.  Phosphoric  acid.  .  9.  Common  salt 

4.  Uric  acid.  10.  Sulphate  of  soda. 

5.  Phosphate  of  lime.  11.  Albumen. 

6.  Phosphate  of  ammonia.  12.  Urea. 

4  D 


VRIC  ACID. 

19B7.  The  existence  of  free  acid  in  recently  voided  arine  is  easily 
demonstrated  by  its  property  of  reddening  vegetable  blues,  and  it  per- 
forms the  important  office  of  retaining  some  of  the  difficulty  soluble 
sahs  in  permanent  solution ;  so  that  whenever  this  natural  acidity  is 
diminished,  the  urine  has  a  tendency  to  deposit  the  earthy  phosphates. 

1988.  The  presence  of  carbonic  acid  may  be  shown  by  placing  urine 
under  the  receiver  of  the  air-pump  ;  during  exhaustion  it  escapes, 
iometimes  copiously,  but  at  other  times  in  minute  quantities  only. 

1989.  The  free  FHofphoric  acid  may  be  shown  by  the  addition  of 
carbonate  of  lime,  a  portion  of  which  is  converted  into  phosphate  of 

lime. 

1900.  Uric  acid  is  one  of  the  peculiar  chnractcrij»tics  of  the  urine  ; 
its  presence  may  be  shown  by  evaporating  urine  to  half  its  bi^lk,  which 
produces'  a  precipitate  coiii^isting  of  phosphate  of  lime  and  uric  acid ; 
the  fonnor  may  he  dissolved  by  dilute  muriiilic  acid,  which  leaves  the 
latter  in  the  foiui  of  a  reddish  powder.  This  acid  has  been  very  ably 
examined  by  Dr.  Henry,  who  made  it  the  subject  of  a  thesis  publish- 
ed in  l&t)7  :  Dr.  Prout  has  also  given  much  valuable  information  in 
relation  lu  it. 

Uric  acid,  called  sometimes  lithic  acid,  as  constituting  the  principal 
ingredient  in  cert^iin  urinnry  calculi,  may  be  abundantly  obtained  by 
digesting  such  calculi  (2006)  in  caustic  potassa,  liitering  the  solution, 
and  adding  excess  of  muriatic  acid,  which  causes  a  precipitate  of  uric 
acid,  which  in  to  be  washed  with  warm  water,  and  dried.. 

Uric  acid  thus  obtained,  is  a  grey  powder,  of  scarcely  any  taste,  and 
requiring,  according  to  Dr.  Henry,  1720  parts  of  water  at  60®,  and 
1130  parts  at  212^  for  solution.  It  reddens  infusion  of  Iftraas,  and 
readily  dissolves  in  caustic  potassa,  and  soda  ;  it  is  sparingly  soluble  in 
mnmonia,  and  insoluble  in  the  alcalinc  carbonates. 

According  to  Dr.  Prout,  uric  acid  requires  at  least  10000  parts  of 
water  at  60**  for  its  solution,  but  urate  of  ammonia  requires  only  about 
4 CO  times  its  weight  at  the  same  temperature,  and  affords  a  pre^ripitite 
of  uric  acid,  on  the  addition  of  any  other  acid  ;  for  these,  among  oUier 
reasons,  Dr.  Prout  regards  urate  of  ammonia,  and  not  pure  uric  acid, 
as  existing  in  urine. 

1991.  Uric  acid  dissolves  in  nitric  acid,  and  upon  evaporation  a  re- 
siduum of  a  fine  red  tint  is  obtained,  which  is  peculiar  to  this  com- 
bination, and  which  Dr.  Prout  has  lately,  shown  to  po:««ess  distinct  acid 
properties;  he  has  called  it  purpuric  acid, — riiil.  Trans.  1818. 

1992.  When  uric  acid  is  submitted  to  destructive  distillation,  it  af* 
fords  carbonate  of  ammonia,  and  a  peculiar  compound,  which  sub- 
limes in  crystals,  and  wiiich,  according  to  Dr.  Henry,  consists  of  a 
peculiar  acid  united  to  ammonia  ;  a  quantity  of  charcoal  remains  in  the 
retort.     Its  ultimate  constituents,  according  to  Dr.  Prout,  are. 

1  proportional  of  nitrogen 14 

2  „  carbon     *6  X  2  =     12 

1  „  oxygen  8 

1  „  hydrogen 1 


•♦  Si 


1993.  Th^  irrates  have  principally  been  examined  by  Dr.  Honry, 
and  an  account  of  man}'  of  them  is  given  in  his  Thesis  above  quoted. 


UREA.  5? 

1994.  Phosphate  of  Lime  maybe  precipitated  from'urine  by  the  ad- 
dition of  ammonia  ;  its  relative  quantity' is  liable  to  much  fluctuation  ; 
eometimes  it  becomes  so  great  as  to  be  deposited  as  the  urine  cools^ 
constituting  what  has  been  termed  white  sand. 

11)05.  The  Phosphates  of  Amtiioniia^  of  Soda^  and  of  Magnesia^  and 
common  Suit,  constitute  the  priucipal  crystallizablc  palts  contained  in 
the  urino  ;  the  iirst  of  these  is  probably  in  great  part  produced  during 
evaporatiou,  for  the  saline  m;i:!8  obtained  by  ine^pissating  urine  is  no 
longer  aci*! ;  the  carbonic  having  escaped,  and  the  phosphoric  being  sa- 
turated hy  anunonia.  The  microcostnic  sait^  or  fusible  salt  of  urine y 
of  tlie  old  chemists,  is  chiefly  phosphate  of  ammonia  with  a  little  phos- 
phatc  of  soiia,  or  perhaps  a  triple  ainmonia-phos^phate  of  soda  (51^0). 

1906.  The  Amnwtiiaco-nmgnenan  Phosphnte  (t>92;  is  a  common, 
and  almost  constant  ingredient  in  the  .urine.  It  foiius  a  part  of  the 
white  sand  voi(h;(!  in  certain  calculous  alTections,  and  is  sometimes 
formed  in  u  film  upon  tiie  surface  of  the  urine,  having  been  held  iu  so- 
latioA  by  carbonic  arid,  and  being  deposited  as  thnt  vas  e^cape«3. 

1907.  'J'hc  cxist'juce  of  sulphuric  acid,  prouJibly  romUined  with 
foc/a,  and  perhaps  al  o  wuli  pofpsfu,  may  l)e  delected  in  urine  by  the  ad- 
dition of  nitrate  of  biiryta,  which  occasions  a  precipin^e  of  sulphate  of 
baryta. 

As  urine  blackens  silver,  it  has  been  said  tu  ;u;;i  tin  .^7//y//fwr;  but 
this  is  not  tlie  case  with  recent  urine,  and  when  it  becomes  slightly  pu- 
trid it  evolvoH  a  little  sulpliuretted  hydrogen. 

1098.  The  existence  of  albuminous  matter  in  urine  is  sometimes 
easily  demonstrated  ;  at  other?,  the  secretion  seems  not  to  contain  it. 
It  has  hec-n  said,  by  Mr.  Ci'uikshank,  that  the  urine  in  some  dropsical 
Cases  contains  so  much  albumen  as  to  be  coagulnble  by  heat,  (Phil, 
Mag,  Vol.  ii.)  but  if  that  ever  be  the  case,  the  .secretion  could  hnrdly 
be  called  urine.  It  seems  quostioijable  whether  the  albuuion  of  urine 
should  nut  sometimes  be  rogiirdcd  as  derived  from  tiie  mucous  secretion 
of  the  blruldcr.  Dr.  Front,  in  his  Inquiry  into  the  JVature  and  Treat- 
fn^nt  of  Gravel,  &c.,  has  described  some  cuocs  of  albuminous  urine,  and 
has  adverted  to  its  method  of  cure. 

1009.  Urea  is  the  principle  which  confers  upon  urine  its  chief  pe- 
culiarities. It  may  be  obtained  by  slowly  evaporating  urine  to  the  con- 
listency  of  syrup  ;  on  cooling 'it  concretes  into  a  saline  mass,  which, 
by  digestion  in  alcohol,  furnishes  urea.  By  carefully  distilling  oil*  the 
ilcohol,  the  un^a  remains  in  the  form  of  a  brown  crystallized  mass, 
which,  by  puriticntion,  furnishes  colourless  prismatic  crystids. 
.  Other  processes  have  been  given  for  obtaining  urea,  which  are,  I 
think,  objectionable,  on  account  of  their  complexity ;  indeed  it  i^ 
loiibtful  whether,  by  the  action  of  heat  and  alcohol,  as  above  describ- 
ed, it  is  not  considerably  altered. 

Urea  is  very  soluble ;  water,  at  60**,  takes  up  about  its  own  weight, 
ind  boiling  water  appears  to  dissolve  it  in  any  quantity,  and  without  al- 
teration :  boiling  alcoliol  takes  up  its  own  weight,  and  on  cooling  the 
jrea  separates  in  crystals.  Sulphuric  ether  scarcely  dissolves  an  ap- 
prctiable  portion.  Nitric  acid  pi-oiluces  a  cryeitalline  precipitate  in  the 
iqueous  solution  of  urea,  consisting  of  the  two  substances  according  to 
Dr.  Prout^  in  the  foUowiog  proportions  :  « 


DI60R0BM  WVHI  mmfi. 

Nitric  add 47.37 

Urea 52.6S 


100.00 


A  Terr  similar  compoond  may  abo  be  produced  with  oxalic  acid. 
The  fixed  akalis  decompose  urea,  and  occasion  the  evolution  of  i 
iBonia  and  some  other  products.  It  is  to  this  substance  that  the  co« 
pious  production  of  volatile  alcali»  during  the  destructiTe  distillation  of 
urine,  is  referable  ;  and  the  ammonia  which  is  found  in  combination 
with  the  acids,  in  putrid  urine,  is  derived  from  tbe  same  source. 

Urea  combines  with  most  of  the  metallic  oxides  ;  with  oxide  of  sil* 
Ter  the  compound  is  grej,  and  it  decomposes  with  detonation,  when 
heated. 

According  to  Dr.  Front's  analysis  (Hxhrt's  ElemenUy  VoL  ii.  p. 
327,)  urea  consists  of 

Oxygen  -  -  •  26. 66  =  1  proportional    • 
Nitrogen    -  -  4666  =:  l        ,,  14 

Carbon   -  -  -  19.99  =  1         „  6 

Hydrogen  -  -    6.66  =  2        „  2 

30 
In  some  diseased  states  of  the  urine  there  b  a  morbid  excess  of 
urea,  which  may  be  detected  by  putting  a  little  of  the  urine  into  a 
watch-glass,'  and  carefully  adding  an  equal  quantity  of  nitric  acid,  in 
such  a  manner  that  the  acid  shall  subside  to  the  lower  part  of  the 
glass  ;  if  spontaneous  crystallization  take  place,  it  indicates  excess  of 
urea. — Prout  on  Gravely  &c.,  p.  10. 

2000.  Such  are  the  properties  of  the  principal  ingredients  in  hu- 
man urine,  to  which  several  others  have  been  added  by  different  che- 
mists ;  but  as  their  existence  is  only  occasional,  and  oflen,  I  think, 
doubtful,  I  have  hesitated  to  give  them  a  place  among  the  regular  con- 
stituents of  healthy  urine.  I  now  subjoin  Berzelius"  statement  of  the 
average  composition  of  human  urine. — Thomson's  Annals^  Vol.  ii. 
423. 

Water 933.00 

Urea •    .     .     .     .      30.10 

Sulphate  of  potassa 3.71 

Sulphate  of  soda 3.15 

Phosphate  of  soda 2.94 

Muriate  of  soda 4.4S 

Phosphate  of  ammonia    ......         1.65 

Muriate  of  ammonia       ......         1.50 

Free  lactic  acid     -..-...,\ 

Lactate  of  ammonia -     "f|7i^ 

Animal  matter  soluble  in  alcohol    -     -     -r    *'**^ 
Urea  not  separable  from  the  preceding    -  I 
£arthy  phosphates  with  a  trace  of  fluate  off      ,  ^^ 

lime \      ^-^ 

Uric  acid    -.•.-..•••.         1.00 

Mucui  of  the  bladder 0.32 

Silica 0.03 

I000.0# 


UMMMULt  CAIiCVU. 


tool.  The  Qfiiie  raffen  some  Tenr  remarkable  chaasea  m  certain 
seases,  which  have  been  but  aoperncially  inquired  into  bj  chemiats. 
I  cases  of  injury  of  the  spine,  affecting  the  nerrea  that  sopply  the 
dneys,  the  urine  is  always  turUd,  and  often  akaline ;  and  there  b  a 
insiderable  tendency  in  &iese  cases  to  form  calculi. 
In  the  disease  called  diabeUs^  the  uiine  is  not  only  secreted  in  ex- 
«s,  but  often  contains  a  substance  of  a  sweet  taste,  having  the  proper- 
»  of  sugar,  and  its  specific  gravity  is  conriderably  above  the  heidthy 
mdard  (Henry  on  Dtabetie  Urme.  Medico'ChdrumcalTrmmB.^  Vol. 
p.  11 8.)  The  following  Table,  constructed  by  Dr.  Henry,  shows 
e  quantity  of  solid  extract  in  a  wine  pint  of  urine,  of  different  sped- 
'.  gravities,  from  1020  to  1060.  In  the  experiments  which  fumish- 
l  the  data  of  this  table,  the  urine  was  evaporated  by  a  ateam  heat  till 
ceased  to  lose  weight,  and  left  an  extract  which  beoone  solid  on  cool- 
g. — Prout  on  Gravely  p.  62, 


Sp.  gr.  compared  with 

(^nutitj  ot  Solid  eztfaci 

^vaati^  of  Solid  txtract  id  a 

1000  ptB.  of  water  at  60*. 

ioa  wiaopint 

WiiiePiat.ia 

r«- 

•s.    dr.    aer.    gn. 

1020 

382.4 

0     6     12 

1021 

401.6 

0     6     2      1 

1022 

420.8 

0     7     0     0 

1023 

440.0 

0     7     10 

1024 

459.2 

0     7     1    19 

1025 

478.4 

0     7     3   18 

1026 

497.6 

1     0     0  17 

1027 

516.8 

1     0     1   16 

1028 

536.0 

1     0     2   16 

1029 

555.3 

1      1     0   15 

1030 

574.4 

1      1      1    14 

1031 

593.6 

1      1      2   13 

1032  ■ 

612.8 

1     2     0  12 

1033 

632.0 

1     2      1   12 

1034 

651.2 

1     2     2   11 

1035 

670  4 

1     3     0   10 

1036 

689. 6 

13     19 

1037 

708*8 

13     2     8 

1038 

728.0 

14     0     8 

1039 

747.2 

14     17 

1040 

766.4 

14     3     6 

1041 

785.6 

15     0     6 

1042 

804  8 

15     14 

1043 

824.0 

15     3     3 

1044 

843.2 

16     0     3 

1045 

862.4 

16     13 

1046 

881.6 

16     3     1 

1047 

900.8 

17     0     0 

1048 

920.0 

17     10 

1049 

939.2 

I     7     1   19 

1050 

958.4 

1     7     3   18 

500Z.  The  orine  orgf;amiiuvoroiisiiniiDd»diflur8  coasidm 
that  "f  the  human  snbject.     Carlioiiatw,  muriatt",  anil  pi; 
iirc  the  IcHiUng  Ingreilieiits  ;  il  hIbh  contains  ori^.i,  hnl  i< 
potnssa  is  usually  the  predominnting  alcali.     lit  ihi*  /''- 
ISOS,  I  have  gireo  .111  iiccomit  uf  the  r.ompoattion  of  ■"  ■ 
of  urine,  iind  in  tlial  of  Uic  ramct  I  ihi'i  ii  ,1  ,,  p-m  I'l  1 
acid:  liiit  ustbv  aniinal  w&a  iU9iii»ei).  1      . 
dental,  more  es|>cri:illy  as  it  hu*  aol  t" 

In  Ihc  urine  of  the  snake,  and  uf  m  - 
aniinni  nutler.  uric  aci<I  is  the  fending  i'^ 
in  the.pseremcn!  of  the  jxirrol,  :iiid  of  uUiti'  buils  who  I'^lJ 
gctnblM  only.— J.  D*»»,  Phil.  Trirm.  ibtt. 

£00S.  It  fr<^<]uently  happtms,  (Vom  ii  ruriety  of  cntues,  tli 
ittf^dicnte  of  huDiiin  urine  are  Hccreted  iu  tscesa,  j 
st'Iid  furni,  coTislituting  latul,  or  gru-jrl  nn'l  nslcuU. 

Sand  is  either  whiit  or  red;  iTic  rnrmer  consists  of  J 
ntne,  and  nmmoniuco-maguesi.in  ptio^tiulf,  either  ae\tt 
and  the  hitter  is  chiefly  uric  nrli.  The  fumier  depoadj 
ed  by  Ihi'.  use  of  ar.tAa,  nnd  the  btlei  by  alcattj  and  tlis  1 
'I'he  moitcs  of  exhihittng  these  remedies,  and  lite  efftm 
))ro[Itic?,  I  have  described  in  a  puper  priuted  in  tlic  C 
t>f  Sriencc  and  Aril,  Vol.  vt. 

21104,  Uriniiry  calculi  are,  for  the  most  part,  comM 
that  exist  nl  nil  times  in  the  urine,  though  there  arc  1 
that  only  make  their  occasional  appeiimncc  io  Ibvut. 
*ni  ihvir  coiaponent  ingrcdienls  : 

1.  Uric  acid. 

S.  Urate  of  ammonia. 

3.  Phosphate  of  hinu. 

4.  Aminooionmi;:ncsiaii  phosphate. 
b.  Oxulnte  of  lime. 
G.  Carbonate  of  lime. 
7.   Cystic  oxide. 

S005.  The  calculi  composed  of  uric  w;,\_  r,r  uhlc 
properties  have  already  been  ilcgcril>< 
fawn -col  ou  r  ;  and',  when  cut  through, 
tinctly  I umiqnted  texture.     Their  sort^n 
ly  so,  being  somctimos  sli(!;htly  tuhcrin! 
this  calculus  bliickens,  and  gives  out  a  {]':>: 
leaving  u  minute  portion  of  white  ash  :  il  is  s< 
potassH,  and  heated  with  a  little  nitric  acid,  afloxds  tl 
jiounil.  a  hove- mentioned  (1093), 

2006.  I'hofphate  of  lime  Cakulus  to  of 
Imir,  Biuuolb,  and  made  np  of  regular  aod  r 


tl  eavily  Kohjhlo  in  miiriiitir: 
and  does  not  fuse  li  T 
gland,  are  always  '  < 
2007.  The  amui:> 
tvhite,orpale  pey. 


nd   i-r 


/■■'■■■ 


texti^  is  genorull, 

hcaleu  violeiiOy  by  the  blttw-j>i])e,  it  «xbn3u  1 


TRINART   CALCULI.  559 

phosphate  of  magnesia.  It  is  more  easily  soluble  than  the  preceding, 
anil  oxulute  of  ammonia  forms  no  precipitate  in  its  muriatic  solution. 

2008.  It  frequently  happens  that  calculi  consist  of  a  mixture  of  the 
two  last-mentioned  sulistances,  in  which  case  they  melt  before  the  blow- 
pipe, and  are  hence  termad  fusible  calculi.  They  are  white  or  near- 
ly so,  and  soAer  than  the  separate  substances,  oAon  resembling  chalk 
in  appearance.  They  are  eaj?ily  soluble  in  muriatic  acid,  and  if  oxa- 
late of  ammonia  be  added  to  their  solution,  the  lime  is  precipitated  in 
tlic  htate  of  oxalate. 

2000.  Oxalate  of  lime  forms  calculi,  the  exterior  colour  of  which  is 
generally  <!urk  brown,  or  reddiiih  ;  they  are  commonly  rough,  or  tu- 
beiculated  upon  the  surface,  and  have  hence  been  called  mulberry 
ctUculi.  Before  the  blow-pipe  they  blacken  and  swell,  leaving  a  white 
infusible  residue,  which  is  easily  recognised  as  quicklime  (173G). 
Small  oxaliit('  of  lime  calculi  are,  however,  sometimes  perfectly  smooth 
upon  tlie  riirfiire,  and  much  resemble  a  hempseed  in  appearance. 

SOIO.  (-rate  of  ammonia  I  admit  among  urinary  calculi,  upon  the 
authority  <'f  l^r.  Prout,  my  own  experiments  having  formerly  induced 
me  to  doviht  its  existence  {Phil.  Trans.  1808).  Its  surface  ib  some- 
times i^mooth,  sometimes  tuberculated  ;  it  is  made  up  of  concentric 
layer-^,  and  its  fracture  is  fine  earthy,  resembling  that  of  compact  lime- 
stone ;  il  i!>  gonendly  of  a  small  size,  and  rather  unconmion,  though  it 
often  o.^curs  mixed  with  uric  acid.  It  usually  decrepitates  hefore  the 
blow-pipo,  is  more  soluble  than  the  uric  calculus,  *evo1ves  amnvonia 
when  heatod  w  itli  solution  'of  potassa,  and  is  readily  soluble  in  the  al- 
caline  carbonate^,  which  pure  uric  acid  is  not. 

201 1 .  Dr.  Front  and  Mr.  Smith  {Med.  et  Qiir.  Trans,  xi.  14.)  have 
descrihod  calculi  composed  almost  entirely  of  carbonate  of  lime,  but 
thi^  hpecies  in  exceedingly  rare,  and  among  several  hundred  calculi 
whif  il  1  htivc  examined,  I  never  met  with  it  from  the  human  bladder. 

20 IS.  Cystic  oxide  is  a  peculiar  animal  suhstance  ;  the  calculi  com- 
posed of  it,  wluch  are  rare,  are  in  appearance  most  like  those  of  the 
ammonio-magnesian  phosphate.  They  are  soA,  and  when  burned  by 
the  blow-pipe,  exhale  a  peculiar  l<iitid  odour.  They  are  soluble  in 
nitric,  sulphuric,  muriatic,  phosphoric,  and  oxalic  acids,  and  also  in 
aicaline  solutions. 

2013.  The  substances  which  have  been  described,  with  the  excep- 
tion of  cystic  oxid(!,  are  sometimes  intim.itely  blended  in  calculi ;  some- 
times thciv  form  alternating  layers  ;  and  4n  a  few  cases  four  distinct 
layers  Lave  been  ohscrveil,  the  nucleus  being  uric,  upon  which  the 
oxrlate,  and  phosphnto  of  lime,  and  the  triple  phosphate,  are  distinctly 
and  separately  arranged. 

2014.  Dr.  iMa»vei  has  described  a  calculus  composed  of  a  peculiar 
animal  matter,  wliich  he  calls  Xanihie  Oxide,  from  its  property  of  giv- 
ing a  yellow  culour  when  acted  on  by  nitric  acid  :  he  has  also  announc- 
ed the  exi>tonce  of  calcidus  composed  of  JiLrine. — Essay  on  Calciduus 
Disorder*,  "-Id  efh't.  p,  103. 

2015.  These  are  the  principal  chemical  facts  belonging  to  the  histo- 
ry of  urinary  ralruli.  In  Dr.  Wolbsion's  valuable  papers  upon  this 
■ubjeot  {Fliil.  Trans  1797  and  1810.)  Much  addition^d  Information  will 
be  found.  In  the  same  work  (1G0C,  1808,  and  1810,)  I  have  given 
aooie  account  of  their  peculiarities,  depending  upon  their  situation,  and 
have  altfo  discussed  the  operation  of  solvents,  a  subject  which  1  have 


taken  ap  more  id  detail  n  the  QuarteWy /oiinia/  of  Seimee  mnd  A€  Jffiff, 
Vol.  viii.  Dr.  Marcet  and  Dr.  Prout  have  also  published  excellent  &^ 
sertations  on  Caleulaut  Diiordertf  containing  all  that  if  BMat  import- 
ant upon  the  subject. 


SscTioir  VII.     CWif,  or  Skin;  Membrane^  Uc. 

to  16.  The  skin  of  animals  consists  of  an  exterior  albuminous  coTer* 
ing,  or  cuticle,  uoder  which  is  a  thin  stratum  of  a  peculiar  substance, 
called  by  anatomists  rete  mucosum^  and  which  lies  immediately  open 
the  cutis,  or  true  skin,  of  which  the  principal  component  b  geUttine. 

2017.  The  following  are  the  chemical  properties  of  pure  gelatine. 
It  is  colourless,  semi-transparent,  and  nearly  tasteless.  It  is  softened 
by  long-continued  immersion  in  cold  water :  in  hot  water  it  readily  dis- 
solves, and  forms  a  solution  of  as  lightly  milky  appearance,  which,  if 
sufficiently  concentrated,  concretes  on  cooling  into  the  tremulous  mass 
usually  called  jdltf,  and  which  is  easily  soluble  in  cold  water ;  when 
dried  in  a  gentle  heat  it  acquires  its  original  appearance,  and  is  as  so- 
luble as  before.  When  dry,  gelatine  undergoes  no  change,  but  its 
soliAon  soon  becdknes  mouldy  and  putrescent  Submitted  to  the  actios 
of  heat  it  affords  the  usual  products  of  animal  substances. — Hatcrett. 
Philoi,  Transact.  Vol.  xc. 

It  is  readily  soluble  in  diluted  acids  and  alcaline  solutions,  and  ibnns 
no  soap  with  the  latter.  Its  aqueous  solution  is  not  affected  by  sola* 
tion  of  corrosive  sublimate,  and  few  of  the  metallic  salts  occasion  any 
precipitate  in  it.  Chlorine  passed  through  its  solution,  occasions  s 
white  elastic  matter  to  separate,  which  is  not  soluble  in  water,  and 
which  in  some  properties  resembles  albumen.  It  is  insoluble  in  alco- 
hol and  ether.  Solution  of  tannin  occasions  a  white  precipitate  in  so* 
lution  of  gelatine ;  and  hence,  vegetable  astringents  such  as  galls  or 
catechu,  are  generally  employed  as  tests  for  its  presence.  But  as  tan- 
nin  precipitates  albumen,  it  cannot  be  relied  on  as  an  unequivocal  test, 
unless  we  previously  ascertain  the  non-existence  of  albumen  by  cor- 
rosive sublimate. — Bostocx.     Nicholsow's  Jourruily  xiv.  and  xxi. 

Mr.  E.  Davy  recommends  sulphate  of  platinum  as  a  very  delicate 
test  of  gelatine,  with  which  it  forms  a  brown  insoluble  compound,  ia 
solutions  too  weak  to  be  affected  by  vegetable  astringents  — Phd, 
Trans.   1820,  p.   119. 

2018.  The  action  of  sulphuric  acid  upon  gelatine  has  been  investi- 
gated by  M.  Braconnot.  Twelve  parts  of  powdered  glue  and  24  oi 
sulphuric  acid,  were  left  together  for  24  hours ;  about  CO  parts  of 
water  were  then  added,  and  the  whole  boiled  for  6  hours,  adding  water 
at  intervals  ;  the  solution  was  then  saturated  with  chalk,  filtered,  and 
suffered  to  evaporate  spontaneously.  In  a  month  crystals  were  depo- 
sited, which,  being  purified  by  solution  and  a  second  crystallization, 
much  i*esembled  sugar  of  milk,  though  they  differ  from  that  substance 
in  affording  a  peculiar  acid,  called  by  M.  Braconnot  Nitro'sacckartM 
acidy  when  acted  upon  by  nitric  acid. — Ann.  de  Chimie  et  Phys.,  xiii. 

20 19.  The  different  kinds  of  gelatine  differ  considerably  in  viscidity. 


If  r  Hatchett  hai  ramiked  that  the  gelatine  obtained  mm 
•esses  a  degree  of  Tiscidity  inTerselj  as  their  softnea  or  fleiutlci : 
the  most  adhesive  kinds  of  gelatine,  too,  are  less  easily  soloUe  in  i 
than  those  which  are  less  tenacious.     The  principal  Tanedei  ci 
tine  ID  common  use  are, 

a.  G/ue,  which  is  prepared  from  the  clippings  of  hides.  booA,  4rr., 
obtained  at  the  tan- yard  ;  these  are  dnt  washed  in  line-water,  and  afier- 
wards  boiled  and  skimmed ;  the  whole  is  then  strained  throogh  bwkeG, 
and  gently  evaporated  to  a  due  consbtency  :  afterwards  it  is  cooled  ia 
wooden  moulds,  cut  into  slices,  and  dried  upon  coar^  net-work. 
Good  glue  is  of  a  semi-transparent  and  deep  brown  colour,  and  free 
firom  clouds  and  spots.  When  used  it  should  be  broken  into  pieces,  and 
steeped  for  about  24  hours  in  cold  water,  by  which  it  softens  and 
■wells ;  the  soaked  pieces  may  then  be  melted  over  a  gentle  nre,  or 
in  a  water-bath,  and  in  that  state  applied  to  the  wood  by  a  stiji  brash. 
Glae  will  not  harden  in  a  freezing  temperature,  the  stiffening  depend- 
ii^  on  the  evaporation  of  its  superfluous  water. 

b.  Size  is  less  adhesive  than  glue,  and  is  obtained  from  parchment 
•havings,  fish-skin,  and  several  animal  membranes.  It  is  employed  by 
bookbinders,  paper-hangers,  and  painters  in  distemper,  and  is  some- 
times mixed  with  flour,  gum,  ^c, 

c.  Isinglass  is  prepared  from  certain  parts  of  the  entrails  of  several 
fish  ;  the  best  is  derived  from  the  stui^eon,  and  is  almost  exclusively 
prepared  in  Russia.  It  should  be  free  from  taste  and  smell,  and  entire- 
ly  soluble  in  warm  water,  which  is  seldom  the  case,  in  consequence  of 
the  presence  of  some  albuminous  parts.  When  the  jelly  of  isinglass 
m  concentrated  by  evaporation  and  carefully  dried,  it  forms  a  very 
choice  kind  of  glue. — Aikir's  Dictionary^  Art.  Gelatine. 

.  2020.  Leather  is  a  compound  of  gelatine  and  vegetable  astringent 
matter,  formed  by  steeping  the  skins  of  animals  in  the  infusions  of  cer- 
tain barks.  The  skins  are  previously  prepared  by  soaking  in  lime- 
water,  which  renders  the  cuticle  and  hair  easily  separable,  and  are 
afterwards  softened  by  allowing  them  to  enter  into  a  degree  of  putre- 
bction.  In  this  state  they  are  submitted  to  the  action  of  infusion  of 
oak-bark,  or  other  astringent  vegetable  matter  (1602),  the  strength  of 
which  is  gradually  increased  until  a  complete  combination  has  taken 
place,  which  is  known  by  the  leather  being  of  an  uniform  brown  colour 
throughout ;  whereas,  in  imperfectly  tanned  leather  a  white  streak  is 
perceptible  in  the  centre. 

Tawed  leather  is  made  by  impregnating  the  skin  duly  prepared,  with 
a  solution  of  alum  and  common  salt ;  it  is  afterwards  trodden  in  a  mix- 
tore  of  yolk  of  eggs  and  water. 

Carried  leather  is  made  by  besmearing  the  skin,  or  leather,  while  yet 
moist,  with  common  oil,  which,  as  the  humidity  evaporates,  penetrates 
into  the  pores  of  the  skin,  giving  it  a  peculiar  suppleness,  and  making 
it,  to  a  considerable  extent,  water-proof.  As  £imiliar  examples  of  these 
processes,  the  thick  sole-leather  for  shoes  and  boots  is  tanned ;  the  up- 
per-leather is  tanned  and  curried;  the  while  leather  for  gloves  is 
tawed ;  and  fine  Turkey-leather  is  ta-wed^  and  afterwards  slightly  tan' 
med. — Aikin's  Dictionary^  Art  Leather. 

202 1 .  The  difierent  membranes  of  the  body,  and  the  tendons^  are 
chiefly  composed  of  gelatine,  for  by  long  digestion  in  warm  water  they 
gradnallv  soften,  and  become  ultimately  almost  perfectly  solubla. 

4E 
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Section  VIII.    Mutce^  lAgammU^  Hom^  Hatr,  4^«. 

2022.  When  the  muscular  parts  of  animals  are  washed  repeatedly 
in  cold  water,  the  fibrous  matter  which  remains  consists  chiefly  of  al- 
bumen, and  is  in  its  chemical  properties  analogous  to  the  clot  of  blood 
( 1 957).  Muscles  also  yield  a  portion  of  gelatine  ;  and  the  flesh  of  beef, 
and  some  other  parts  of  animals,  afibrd  a  peculiar  substance  of  an  aro- 
matic flaTOur,  called  by  Thenard,  osmazomt, 

2023.  30  parts  of  beef  fibre,  acted  on  by  as  much  sulphuric  acid,  yield- 
ed M.  Braconnot,  apoKion  of  fat,  and  on  diluting  the  acid  mixture,  and 
saturating  with  chalk,  filtering,  and  evaporating,  a  substance,  tasting  like 
osmazome  was  obtained,  which  was  often  boiled  in  different  portions  of 
alcohol  :  the  alcoholic  solutions,  on  cooling,  deposited  a  peculiar  white 
pulverulent  matter,  which  Braconnot  calls  leucine,  and  which  acted 
upon  by  nitric  acid  affords  a  crystallizable  nitroleucic  acid. — ^nnales  de 
Chimie  et  Fhys,^  xiii.  p.  118. 

2024.  Ligaments,  horn,  nail,  wid  featJiers,  consist  principally  of  al- 
bumen. 

2025.  Hair  consi&tts  principally  of  a  substance,  having  the  proper- 
ties of  coagulated  albumen.  It  also  contains  gelatine,  and  the  soft 
kinds  of  hair  yield  it  more  readily  than  those  which  are  harsh,  strong, 
and  elastic. — Hatch ett.  Phil.  Trans,  1800. 

Vauquclin  discovered  in  hair  two  kinds  of  oil ;  the  one  white,  and 
existing  in  all  hair  ;  the  other  coloured,  yellow  from  red  hair,  and  dark 
coloured  when  obtained  from  dark  hair.  JBlack  hair  also  contains 
iron  and  sulphur.  He  supposes  that  where  hair  has  become  suddenly 
gray,  the  effect  is  produced  by  the  evolution  of  acid  matter,  which 
has  destroyed  the  colour  of  the  oil. 

2026.  Feathers,  quills,  and  wool,  are  also  possessed  of  the  proper- 
ties of  albumen,  and  appear  to  contain  no  gelatine. 


Section  IX.     Fat,  Spermaceti,  kc. 

2027.  The  fat  of  animals,  when  freed  by  fusion  or  pressure  from 
cellular  membrane,  is  of  various  degrees  of  consistency,  as  seen  in 
tallow,  lard,  and  oil.  When  pure,  it  has  little  taste  or  smell,  but  it 
acquires  both  by  keeping,  and  becomes  rancid  and  slightly  sour.  The 
softer  varieties  fuse  at  about  90<^,  and  the  harder  at  120*".  Decomposed 
at  a  red  heat,  they  afibrd  abundance  of  olefiant  gas,  and  a  small  portioi 
of  charcoal ;  products  analogous  to  those  of  vegetable  oil.  (741.; 
When  burned,  they  produce  water  and  carbonic  acid,  containing  the 
same  ultimate  elements,  in  the  same  proportions  as  vegetable  oils. 
(1634.) 

They  jdso  produce  soaps  by  combination  with  alcaiis. 

Nitric  acid,  heated  in  small  quantity  with  any  of  the  fatty  substances, 
renders  them  harder,  and  considerably  increases  their  solubility  in  al- 
cohol. Among  the  vegetable  oils  this  change  is  most  remarkably  pro- 
duced upon  cocoa-nut,  and  castor-oils,  the  latter  becoming  converted 
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into  a  solid  matter,  which,  when  cleansed  of  adhering  acid  by  wash- 
ing, resembles  soft  wax. 

2028.  The  experiments  of  Braconnot  and  Chevreul,  already  quoted, 
(1628)  have  shown  that  the  different  kinds  of  oil  and  fat  contain  two 
iubstances,  to  which  they  have  given  the  names  tUarine  and  tlaine^ 
the  former  solid,  the  latter  liquid  at  common  temperatures.  The  fol- 
lowing table  shows  their  relative  proportions  in  different  fats  and  oils  : 

RUina.  Stcarine. 


Butter,  made  in  summer  60 40 

Ditto,  winter 37 63 

Hogs'-lard 62 38 

Beef-marrow 24     76 

Mutton  ditto 74 26 

Goose-fat 68 32 

Ducks'-fat 72 28 

Turkev's-fat 74 26 

Olive-oil 72 28 

Almond-oil 76 24 

These  principles  may  be  obtained  by  boiling  hogs*- lard  in  alcohol  ; 
the  fluid,  on  cooling,  deposits  a  cryjstalline  matter,  which  is  to  be  puri- 
fied by  a  second  solution  and  crystallization  ;  it  is  then  pure  atearine^ 
white,  brittle,  tasteless,  smd  inodorous ;  it  fuses  at  a  little  below  120^, 
and  forms  soap  with  alcalis. 

When  the  alcohol  which  has  deposited  the  whole  of  the  stearinc  is 
distilled,  an  oily  liquid  remains,  which  is  elatne.  It  is  fluid  at  58^  ;  it 
generally  is  of  a  yellow  colour,  and  is  convertible  into  soap» 

2029.  When  soap  composed  of  hogs^-lard  and  pot^issa,  u  put  into 
water,  a  portion  only  is  dissolved  the  remainder  consists  of  white 
scales,  composed  of  the  alcali  united  to  a  peculiar  acid,  called  by  Chev- 
reul, from  its  pearly  appearance,  margaritic  acid^  and  separable  from 
the  above  combination  by  muriatic  acid. 

It  is  insoluble  in  water,  tasteless,  fusible  at  ]34<',  and  crystallizes  on 
cooling  in  brilliant  white  needles.  It  is  soluble  in  alcohol.  It  unites 
with  potassa  in  two  proportions,  the  one  compound  containing  100  acid 
+  8.80  potassa;  the  other,  100 acid  -|-  17.77  potassa.  These  com- 
pounds have  been  termed  margaraiet  of  potassa. 

2030.  The  portion  of  the  hogs'-lard  soap  soluble  in  water,  consists 
of  another  peculiar  substance  united  to  potassa,  which  Chevreul  has 
called  oleic  acid.  It  may  be  obtained  from  its  solution  by  tartaric  acid, 
which  causes  it  to  separate  in  the  form  of  an  oily  matter,  that  is  to  be 
again  united  to  potasf^a,  and  separated  as  before.  This  substance  soli- 
difies at  about  40^,  and  it  forms  compounds,  called  oleates.  It  appears 
probable  that,  by  the  action  of  alcalis,  the  stearine  is  converted  into 
what  Chevreul  has  termed  margaric  acid,  and  the  elaine  into  oleic  acid. 
Annales  de  Ckimie,  xciv. 

2031.  By  mixing  1  volume  of  carbonic  acid  with  10  of  carburetted 
hydrogen,  and  30  of  hydrogen,  and  passing  the  mixture  through  a  red- 
bot  porcelain  tube.  Bcrard  is  said  to  have  produced  a  substance  in 
amall  white  crystals,  having  many  of  the  properties .  of  fat. — Thom- 
Hoir's  Aimals.  xii. 

2032.  Spermaceti  or  Ceiine  is  a  pecniiar  matter,  which  concretes 
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from  the  ml  of  tlie  ipermaceii  whaie. '  It  fbses  at  1  It*,  md  at  liq^ie^ 
temperatures  is  volatile,  but  if  repeatedly  diatiUed  it  loaea  its  solid 
form,  and  becomes  a  liquid  oil.  It  is  soluble  in  boilii^  alcohol,  and 
abundantly  so  in  ether.  It  forms  a  soap  with  potassa,  which  yields,  ott 
decomposition,  a  substance  called  by  Chevreul,  ceiie  a€id. — Ammal«$  it 
Owmt^  zcv. 

30S3.  In  the  yo^  ^f  Vg'  there  is  a  considerable  quantity  of  oHy 
matter,  which  may  be  obtained  by  pressure  after  boiling ;  it  is  yellow 
and  tasteless. 

2054.  AmberrrUt  which  is  a  concretion  from  the  intettiiiea  of  the 
spermaceti  whale,  also  contains  a  considerable  portion  of  fiitty  matter, 
amounting  in  some  specimens  to  60  per  cent  It  is  only  found  in  the 
unhealthy  animal.-— Houses  Ltclwret  on  Comparaiht  jSwolomy,  Vol.  i., 
p.  470. 

2036.  The  brain  of  animals,  when  boiled  in  alcohol,  furnishes  a 
peculiar  fatty  matter,  which  the  solution  deposits  as  it  cools,  in  bril- 
liant scales.  It  requires  a  higher  temperature  than  that  of  boihng 
water  for  its  fusion,  and  appears  in  many  respects  analogous  to  choles- 
terine.  (1974.)  The  same  substance  is  often  seen  in  t^  alcohol  em- 
ployed to  preserre  anatomical  preparations  of  the  brain  and  nerves. 


Section  X.    Cerebral  SubttoMce. 

2036.  AccoRDiNo  to  Vauquelin,  the  cerebral  substance  consists  of 

Water 80.00 

White  fatty  matter 4.63 

Red  fatty  matter 0.70 

Albumen.  .  .  , 7.00 

Osmazome 1.12 

Phosphorus 1.60 

Acids,  salts,  and  sulphur 6.16 

100 

The  pulp  of  nerves  seems  to  be  of  a  similar  nature. — Thomson's 
System^  Vol  iy.,  p.  482. 


Section  XL     Shell  and  Bone, 

2037.  We  are  indebted  to  Mr.  Hatchett  for  two  excellent  disserta- 
tions on  the  chemical  properties  of  these  parts  of  animals,  pubhsbed 
in  the  Philosophical  Transactions  for  1799  and  1800. 

He  has  divided  shells  into  two  classes ;  the  texture  of  the  first  is 
compact,  brittle,  and  resembling  porcelain  ^  their  surface  b  smooO^, 
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and  they  are  often  betntifiiUy  yuiegated.  When  espoied  to  a  red 
heat  they  crackle,  and  loae  the  coloor  of  their  enamelled  anr&ce, 
^nutting  scarcely  any  amoke  or  smell.  They  dissolve  in  dilute  mnria- 
tic  acid  with  copious  effervescence,  and  form  a  transparent  solation,  m 
which  neither  pare  ammonia  nor  acetate  of  lead  prodnce  any  precipi* 
tate,  hut  carbonate  of  ammonia  throws  down  carbonate  of  lime. 
Hence  these,  which  are  called  pareellaneaui  skelU^  may  be  considered 
as  composed  of  carbonate  of  lime,  united  to  a  very  small  portion  of 
gelatine  :  most  of  the  univalve  shells,  such  as  whelks,  limpets,  cow- 
ries, and  many  of  the  beautiful  convoluted  shells  of  tropical  countriesi 
belong  to  this  class. 

S038.  The  second  class,  or  fnotker-of-pearl  s^eUt,  are  tougher, 
l^ossy,  and  iridescent ;  they  are  mostly  bivalves,  and  all  the  oyster 
and  muscle  species  belong  to  it.  Whels  heated,  they  exhale  smoke 
and  the  smell  of  burned  horn ;  inmiersed  in  muriatic  acid,  they  only 
partially  dissolve,  and  leave  a  series  of  cartiliginous  layers,  and  an 
outer  epidermis.  Each  membrane  appears  to  have  a  corresponding 
•Iratum  of  carbonate  of  lime,  the  solution  indicating  no  trace  of  any 
phosphate.  The  animal  part  is  in  some  cases,  as  in  mother-of-^pearl, 
tough  and  indurated,  and  when  dried  becomes  exactly  like  horn ;  in 
other  instances,  as  in  the  bone  of  the  cuttle  fish,  it  appears  in  the  form 
of  delicate  and  tender  membrane. 

In  both  classes  of  shells,  therefore,  the  hardening  principle  is  car- 
bonate of  lime ;  in  porcellaneous  shells  there  is  very  little  animal 
matter,  which  is  gelatine  ;  and  in  mother-of-pearl  shells,  it  is  albumen, 
and  in  larger  quantities. 

2039.  Pearls  are  exactly  similar  in  composition  to  what  is  termed 
mcther-of -pearl,  in  which  Mr.  Hatchett  found 

Carbonate  of  lime 66 

Albumen' 24 

100 

2040.  In  the  scales  of  fish,  and  in  the  crusts  of  lobsters,  crabs,  prawns, 
and  cray-fish,  Mr.  Hatchett  found  the  animal  portion  to  consist  of  car- 
tilage ;  the  hardening  part  was  a  mixture  of  carbonate  and  phosphate 
•f  lime.     From  lobster-shell  Merat-Gulliot  obtained 

Carbonate  of  lime 60 

Phosphate  of  lime 14 

Cartilage 26 

100 

Vauquelin  obtained  from  100  parts  of  hen^t  egg-sheU 

Carbonate  of  lime 89.6 

Phosphate  of  lime 6.7 

Animal  matter 4.7 


100 


8041.  Zoophytes^  according  to  Mr.  Hatchett't  researches,  may  be 
divided  into  four  classes ;  the  first  resemble  porcellaneous  shells,  and 
cessist  entirely  of  carbonate  of  lime»  with  a  very  minute  quantity  of 
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gektiinnis  mttter ;  of  tlus  tbe  cMmnon  white  cond  {madrepora  virginea) 
is  a&  example.  The  second  consists  of  carbonate  of  lime,  and  a  car- 
tilaginous substance,  and  are  therefore  analogous  to  molher-of-pearl 
sheU ;  to  this  class  belong  the  tnadrepora  rcLmeCy  and  madreporajasci' 
eularit.  The  third  class  is  composed  of  a  cartilaginous  matter,  with 
carbonate  and  phosphate  of  lime  ;  to  this  belongs  the  red  coral  {gor- 
gania  nobUtt).  The  fourth  class  contains  sponges,  composed  almost 
entirely  of  albuminous  matter. — PhiL  Trans,  y  1800. 

2042.  BorUy  and  hory^  like  the  preceding  substances,  is  essentiallj 
composed  of  soA  and  hard  parts.  When  ground  bone  is  digested  in 
warm  water,  a  portion  of  fat  is  first  separated,  and  by  long-continued 
ebullition,  a  solution  which  gelatinizes  on  cooling  is  obtained.  If  fresh 
bone  be  immersed  in  diluted  muriatic  acid,  the  fiit,  gelatine,  and  hard- 
ening matter  are  dissolved,  and  a  kind  of  skeleton  of  the  bone  remains 
in  the  form  of  a  cartilaginous  substance,  which  when  dried  exactly  re- 
sembles horn.  It  appears,  therefore,  that  the  soft  parts  of  bone  are, 
faty  gelatine^  and  cUbumim. 

The  earthy  salts,  which  constitute  the  hardening  principle  of  bone, 
are  phosphate  and  carbonate  of  lime,  with  a  minute  quantity  of  sul- 
phate of  lime,  and  traces  of  phosphate  of  magnesia.  Fourcroy  and 
Vauquelin  obtaued  from  ox-bones, 

Animal  matter    -•- •  61 

Phosphate  of  lime •--  37.7 

Carbonate  of  lime  ----•.-..  lo 

Phosphate  of  magnesia 1.3 


100 


2043.  The  enamel  of  teeih  is  perfectly  destitute  of  cartilage,  and  cod< 
Aists  chiefly  of  phosphate  of  lime  and  a  portion  of  gelatine.  Mr.  Pe- 
pys  found  its  component  parts 

Phosphate  of  lime ..-.     73 

Carbonate  of  lime     --- 6 

Gelatine ---.     16 


100 


The  same  chemist  has  given  the  following  as  the  composition  of 
the  teeth  (Fox,  On  the  Teeth)  : 


Phosphate  of  lime  -  - 
Carbonate  of  lime  ,.  - 

Cartilage 

Loss  ---• 


RooU  of 
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Fint  teeth 
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2044.  When  bones  ^e  submitted  to  destructive  distillation,  the  ge- 
latine and  albumen  which  they  contain  is  abundantly  productive  of  am- 
monia ;  water,  and  carbonic  acid  are  also  formed  and  a  portion  of 
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highly  foetid  empyrenmatic  oil.  There  remaint  *in  the  yeiael  a  quantity 
of  charcoiil  mixed  with  the  earthy  suhstances,  which  is,  in  that  state, 
called  ivory  black.  It  is  employed  as  the  basifl  of  tome  black  paints 
and  varnishes. 


Sectioit  XII.    Of  Aiitnal  fuActiont. 

2045.  CuEMTSTRT  has  hitherto  done  little  towards  elucidating  the 
functions  of  animals,  and  it  is  scarcely  possible  to  describe  the  little 
that  has  been  done,  without  such  frequent  reference  to  anatomical  and 
physiological  inquiries  as  would  be  irrelevant  to  the  present  work  ;  I 
•hall,  therefore,  only  enumerate  the  principal  chemical  phaenomena 
that  have  been  experimentally  illustrated,  in  relation  to  this  subject. 

2046.  Digestion  is  a  process  by  which  the  food  of  animals  is  convert- 
ed into  chyle,  and  which,  in  conjunction  with  respiration j  tends  to  the 
proiiuction  of  blood.  The  mechanism  by  which  it  is  carried  on  differs 
considenibly  in  the  different  classes  of  animals  ;  the  present  remarks 
will  relate  chiefly  to  man,  and  to  the  carnivorous  tribe. 

The  food,  duly  masticated  in  the  mouth,  and  blended  with  a  consi- cbymc. 
derable  portion  of  saliva,  is  propelled  into  the  stomach,  where  it  soon 
undergoes  a  remarkable  change,  and,  in  the  course  of  a  few  hours,  is 
converted  into  an  apparently  homogeneous  pulpy  mass,  which  has 
been  termed  chytne^  and  which  has  little  or  no  resemblance  to  the  ori- 
ginal food.  This  very  curious  change  is  only  referable  to  the  opera- 
tion of  a  secretion  peculiar  to  certain  glands  of  the  stomach ;  it  has 
been  termed  gastric  juice^  and  all  that  is  known  respecting  it  is,  that 
it  has  very  energetic  solvent  powers,  in  regard  to  the  greater  number 
of  animal  and  vegetable  bodies  ;  the  remarkable  property  of  living  sub- 
stances to  resist  its  action  is  curiously  illustrated  by  the  circumstance 
that  the  stomach  itself,  after  death,  is  occasionally  eaten  into  holes  by 
its  action  ;  it  instantly  coagulates  all  albuminous  substances,  and  after- 
wards softens  and  dissolves  the  coagulum.  There  are  some  substan- 
ces that  remarkably  resist  its  action,  such  as  the  husk  of  grain,  and  of 
many  seeds,  which,  if  not  previously  broken  by  mastication,  pass 
through  the  stomach  and  bowels  nearly  unaltered.  It  is  hardly  worth 
while  to  detail  the  experiments  that  have  been  undertaken  on  the  gas- 
tric juice,  since  they  are  much  at  variance,  and  it  is  impossible  to  say 
whether,  the  secretion  has  ever  been  examined  in  a  state  even  ap- 
proaching to  purity.  It  has  been  described  as  a  glairy  fluid,  of  a 
saline  taste  ;  sometimes  it  is  said  to  be  acid,  and  sometimes  bitter  ;  but 
DO  light  whatever  has  been  thrown  by  any  of  these  researches  upon 
the  cause  of  its  singular  solvent  energies. 

It  has  sometimes  been  matter  of  surprise,  that  although  animals  drink 
copiously  with  their  food,  the  consistency  of  the  chyme  is  not  affected 
by  it,  and  by  the  time  that  it  reaches  the  right,  or  pyloric  extremity  of 
the  stomach,  the  liquid  has  disappeared.  Sir  Everard  Home's  curious 
physiological  researches  have  shown  that  liquids  are  copiously  and  ra- 
pidly removed  by  absorbents  belonging  principally  to  the  left,  or  cat-  ^J^^Jf*** 
dine  i»ortion  of  the  stomach,  and  that  during  digestion  there  is  an  im-suaack!' 


§Qg  USE   OF  Tins  BILE* 

perfect  division  of  the  Btomach  into  two  cavitiefl,  by  the  coDtnetios  of 
the  bands  of  muscular  fibres  about  its  centre.  He  has  also  shown  that 
these  liquids,  very  soon  reach  the  kidneys,  and  pass  oflF  by  urine ;  and 
was  led  to  believe  that  the  spleen  was  the  channel  of  communication ; 
an  opinion,  however,  which  his  subsequent  researches  tended  to  dis- 
prove.— Lectures  on  Comparative  Anatotny^  p.  221. 

The  chyme  passes  from  the  stomach  into  the  small  intestines,  where 
it  soon  changes  considerably  in  appearance  ;  it  becomes  blended  with 
bile,  and  is  separated  into  two  portions,  one  of  which  is  white  as  milk,  and 
ckyie.  i3  termed  chyle ;  the  other  passes  on  to  the  large  intestines,  and  is  ulti- 

mately voided  as  excremcntitious.  The  chyle  is  absorbed  by  the  lat- 
teahy  which  terminate  in  the  common  trunk,  called  the  ikoracic  duct; 
it  is  there  mixed  with  variable  proportions  of  lymph,  and  poured  into 
the  venous  system. 

The  excrements  of  animals  have  been  examined  by  Berzelius,  (Oeh- 
tEii*s  Journal^  vi.)  ;  by  Vauqueliu,  (^Annales  de  Chimie^  xxix.)  ;  and  by 
Thaer  and  Einhoff.  An  abstract  of  these  experiments  has  been  pub- 
lished by  Dr.  Thomson,  in  the  4th  volume  of  his  System  of  Chemiitry. 

2047.  Chyle  has  been  examined  by  several  chemists,  and  their  re- 
sults are  not  widely  different.  During  some  physiological  researches 
in  which  1  assisted  Mr.  Brodie,  I  had  an  opportunity  of  collecting  it  in 
considerable  quantities  in  several  carnivorous  and  graminivorous  ani- 
mals, and  presented  an  account  of  my  experiments  upon  it  to  the  Royal 
Society.— P/m7.  Trans.,  1812,  p.  91. 
CkwMtM».  Chvle  is  an  opaque  white  fluid,  having  a  sweetish  saline  taste ;  its 
specific  gravity  is  inferior  to  that  of  the  blood.  It  exhibits  slight  traces 
of  alcaline  matter  when  tested  by  infusion  of  violets  ;  soon  after  re- 
moval from  the  thoracic  duct,  it  gelatinizes  spontaneously,  and  after- 
ward? gradually  separates  into  a  firm  yellowish  white  coagulum,  and 
a  transparent  colourless  serum  ;  so  that,  like  the  blood,  it  enjoys  the 
property  of  spontaneous  coagulation. 

The  coagulum  of  chyle  possesses  properties  closely  resembling  those 
of  the  caseous  portion  of  milk,  and  may  hence  be  considered  as  a  va- 
riety of  albumen  ;  the  serum  of  the  chyle,  when  heated,  deposits  a  few 
flakes  of  albumen,  and  by  evaporation  to  dryness  aflbrds  a  small  pro- 
portion of  a  substance  analogous  to  sugar  of  milk.  Small  portions  of  phos- 
phate of  lime,  carbonate  of  soda,  and  common  salt,  may  also  be  detect- 
ed in  the  chyle.  In  these  experiments  I  found  no  distinctive  difference 
in  the  chyle  of  graminivorous  and  carnivorous  animals  ;  I  examined  it 
from  the  horse,  the  ass,  the  dog,  and  the  cat ;  Dr.  Marcet  thinks  that 
the  former  is  less  abundant  in  albumen  than  the  latter*. — Thomsoit^s 
AnnalSy  Vol.  vii. 
Bile.  2048.  There  can  be  little  doubt  that  the  bile  performs  an  important 

part  in  the  change  which  the  chyme  suffers  in  the  small  intestines  ;  it 
has  been  conjectured  that  its  aqueous,  and  perhaps  its  alcaline,  parts, 
arc  employed  as  components  of  chyle,  while  the  albumino-resinoan 
matter  combines  with  the  excremcntitious  portion,  and  tends  to  stimu- 
late the  intestinal  canal  towards  promoting  its  propulsion.     Whether 


•  It  is  a  curious  question,  whence  the  nitropm,  which  consstihilcs  au  abundant  ultimsfa 
principles  of  the  chyle  of  herbivorous  animals,  is  derived ;  we  lint!  it  in  vcn  snmll  proportioa 
only  ill  tlicir  ordinar)'  food,  and  yet  I  couUl  (Usccm no  diHeniwc-  in  the  coni|x>;>itj(>aof  the  •!- 
biuainous  poriioa  of  dieir  cbylc,  aud  that  of  wiitiiai«  fed  exclusively  on  meat. 
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thft  bile  18  absolately  necessary  to  the  fonnation  of  chyle,  is  a  question 
that  has  not  been  satisfactorily  answered ;  but  its  importance  is  demon- 
fltrated  by  the  emaciatien  that  attends  its  deficiency,  and  by  the  disor- 
dered state  of  bowels  that  accompanies  its  imperfect  secretion.  Sir 
Everard  Home,  in  his  Lecture  on  the  Fimetions  of  the  Lower  Intestines ^ 
{Lectures,  p.  468.)  has  offered  some  curious  facts  connected  with  this 
subject,  to  which  I  refer  the  physiological  reader.  He  is  of  opinion 
that,  in  the  large  intestines,  a  portion  of  the  food  unfit  for  chylification  is, 
by  a  process  not  widely  different  from  that  above  described,  (1951) 
converted  into  fat,  which  is  afterwards  absorbed  and  conveyed  tP  di^ 
ferent  parts  of  the  body. 

2049.  In  chyle  we  cannot  fai)  to  observe  a  close  approximation  to 
blood  :  it  is  deficient  only  in  colouring  matter,  and  the  albumen  which 
it  contains  differs  a  little  from  that  existing  in  the  blood  itself ;  it  ap- 
pears, therefore,  that  the  albumen  is  perfected,  and  the  colouring  mat- 
ter formed,  in  the  process  of  circulation  ;  the  saccharine  principle  of 
the  chyle  is  also  no  longer  perceptible. 

2050.  The  difference  between  arterial  and  venous  blood,  has  been 
adverted  to  in  a  previous  section  ;  the  former  is  of  a  florid  red  co- 
Jour,  and  circulates  in  the  arterial  system  ;  it  is  contained  in  the  left 
▼entricle  of  the  heart,  and  thence  carried  by  the  aorta^  and  its  ramifi- 
cations, to  every  part  of  the  body,  tending  to  re-production  and  secre- 
tion :  it  afterwards  enters  the  veins  which  arise  from  the  extremities 
of  the  arteries,  and  form  accompanying  branches  and  trunks  ultimate- 
ly uniting  in  the  veme  cava,  which  pour  their  contents  into  the  right 
auricle  of  the  heart ;  the  venous  blood  is  thence  propelled  into  the 
right  ventricle,  from  which  the  pulmonary  artery  arises,  transmitting 
it  through  the  lungs,  whence  it  is  returned  by  the  pulmonary  vein  into 
the  left  auricle,  which  transmits  it  to  the  left  ventricle,  from  which  is- 
aaes  the  aorta  as  aforesaid.  So  that  the  right  cavities  of  the  heart  re- 
ceive venous  blood,  and  transmit  it  through  the  lungs,  whence  it  re- 
turns to  the  left  side  of  the  heart,  in  the  arterial  state.  In  the  lungs 
the  blood  is  infinitely  subdivided,  and  spread  over  a  very  large  surface 
in  vesseb  so  delicate  as  to  admit  of  the  operation  of  the  atmospheric 
air  contained  in  their  cells  ;  it  enters  the  pulmonary  structure  in  the 
venous  state  by  the  pulmonary  artery,  and  returns  in  the  arterial  or  ae* 
rated  state,  by  the  pulmonary  vein.  It  now  remains  to  examine  the 
changes  which  the  blood  undergoes  during  pulmonary  circulation. 

2051.  Respiration  is  the  process  of  receiving  a  quantity  of  air  into 
Hkt  lungs,  whence,  after  having  been  retained  a  short  time,  it  is  again 
expelled  in  the  action  of  exspiration  ;  and,  if  now  examined,  a  portion 
of  its  oxygen  is  found  converted  into  carbonic  acid,  and  it  is  more  or 
less  loaded  with  aqueous  vapour. 

Obvious  circumstances  render  it  very  difficult  to  ascertain  the  quan-Namb«rofr^ 
lity  of  air  taken  into  the  lungs  at  each  natural  inspiration,  as  well  asP*"*""* 
the  number  of  respirations  made  in  a  given  time  ;  the  former  is  per- 
haps about  15  or  16  cubic  inches,  and  the  latter  about  20  in  a  nunute. 

It  has  been  by  some  supposed  that  the  air  suffers  an  absolute  diminu-  chao^iof  the 
lion  of  bulk,  but  the  experiments  that  have  been  adduced  to  prove ""'"p***- 
this,  can,  1  think,  scarcely  be  regarded  as  satis&ctory;  it  seems,  on  the 
contrary,  most  probable  that  the  volume  of  air  expired  is  exactly  equal 
to  that  inspired,  aijd  consequently  the  only  chemical  change  that  is  evi- 
dent is  the  saturation  of  a  portion  of  its  oxvgen  with  carbon.    Th6 
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quantity  of  carbonic  acid  emitted  at  each  exspiratioD,  Taries  at  differ- 
ent periods  of  the  day,  and  probably  also  in  different-  individuals ;  it 
appears  at  its  maximam  daring  digestion,  and  at  its  minimum  in  the 
morning,  when  the  stomach  is  empty,  and  when  no  chyle  is  flowing 
into  the  blood.  Dr.  Prout  has  shown  that  fermented  liquors  and  ve- 
getable diet  diminish  the  proportion  of  carbonic  acid,  and  that  the 
same  thing  happens  when  the  system  is  affected  by  mercury.  (Thom- 
soh's  %«t«t#i,  iv.  621.) 
(iMntityof  The  air  expired  maybe  regarded^  I  think,  as  containing,  on  an  ave- 
cffbonic  Kid-riige,  3.5  per  cent,  of  carbonic  acid,  though  Messrs.  Allen  and  Pepys, 
in  their  valuable  Essay  on  Respiratiam^  (PkiL  Trafu.,  1808.)  have  es- 
timated it  at  about  twice  that  quantity  ;  it  amounted,  in  their  experi- 
ments, to  27.5  cubic  inches  per  minute*  a  quantity  probablv  above  the 
truth,  when  we  reflect  upon  the  comparative  proportion  of  carbon  ex- 
isting in  our  food,  and  the  other  means  of  escape  which  it  has  from  the 
body. 

The  aqueous  vapour  contained  in  the  expired  air  is  secreted  by  the 
exhalents  distributed  over  the  surface  of  the  air-vessels  of  the  lungs ; 
attempts  have  been  made  to  estimate  its  quantity,  but  without  success ; 
it  is  probably  liable  to  variation,  and  can  scarcely  be  considered  as  a 
product  of  respiration. 

It  has  been  above  stated  that  the  whole  of  the  venous  blood  is  pro- 
pelled through  the  vessels  of  the  lungs,  where  it  is  subjected  to  the 
action  of  the  air  ;  the  chyle  is  of  course  carried  along  with  it,  and  when 
it  returns  by  the  pulmonary  vein  to  the  left  side  of  the  heart,  it  hai 
undergone  n  considcrnble  change  in  appearance,  having  lost  its  dingy 
colour,  and  acquired  a  tine  florid  red  ;  the  chyle  also  has  become  per- 
fect blood.  The  change  of  colour  is  evidently  owing  to  the  action  of 
the  air,  which  takes  place  through  the  thin  coats  of  the  circulating 
vessels,  and  the  end  thus  attained  is  the  removal  of  the  carbon  from 
the  venous  blood,  by  which  the  colouring  matter  was  obscured :  the 
carbon  to  be  thus  readily  soluble  in  oxygen  must  be  in  some  peculiar 
state  ;  a  portion  of  it  is  also  removed  by  the  absorbents,  and  transferred 
to  the  glands  situate  at  the  root  of  the  lungs  between  the  subdivisions 
of  the  bronrhiae,  which  oflen  contain  a  large  portion  of  black  matter. 
This  has  sometimes  been  referred  to  soot  inhaled  with  the  air,  but 
many  circumstances  render  it  more  probable  that  it  is  a  carbonaceoui 
deposit  from  the  blood.  The  only  chemical  difference,  then,  which 
can  be  detected  between  arterial  and  venous  blood,  is  the  existence  of  a 
certnin  excess  of  carbon  in  the  latter,  which  it  gives  off  to  oxygen, 
forming  carbonic  acid ;  the  blood  is  thus  fitted  for  the  renovation  of 
purts,  for  the  formation  of  secretions,  and  for  the  sustenance  of  life  by 
Its  action  on  the  cerebral  system  ;  for  although  the  heart  does  not  di- 
rectly refuse  to  circulate  venous  blood,  paralysis  and  torpor  ensue 
when  blood,  not  aerated,  passes  into  the  vessels  of  the  brain. 
Perspiration.  -052.  It  has  already  been  shown  that  the  blood  suffers  very  impor- 
tant changes  in  the  kidneys  and  liver  ;  the  function  o{ perspiration  also 
must  be  considered  as  connected  with  an  alteration  of  the  circulatins; 
fluid,  for  moisture,  carbonic  acid,  and  minute  quantities  of  phosphoric 
acid,  and  saline  matter,  among  which  is  common  salt,  are  evacuated  by 
the  cutaneous  vessels.  This  quantity  of  humidity  is  sometimes  very 
considerable,  especially  during  violent  exercise  in  warm  weather,  and 
it  contributes  materially  to  diminish  the  temperature  of  the  body  ;  a 
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porlioQ  of  water,  however,  is  at  all  times  passing  off  by  the  skin,  bs 
may  be  sees  by  putting  the  hand  into  a  dry  and  cold  gloM,  which  soon 
becomes  dimmed  by  the  condeosation  of  vapour. 

2053.  Differeot  animals  require  very  different  qQantil,ies  of  oxygen  V?^'"''« 
for  the  purposes  of  respiration.     Man,  and  vvarm- blooded  animals, ^n"„'', J 
coniitme  the  largest  qiianlity  ;  the  amphibious  tribes  nol  only  require  "^^2™ 
lesB,  but  can  breathe  in  an  atmosphere  which  will  not  support  the  life""" 
of  the  former  ;  and  many  insecta  take  such  small  quantity,  as  some- 
times to  have  been  supposed  cajKible  of  living  without  air,  which  is  not 
Ihe  case.     Ifl  the  production  of  carbonic  acid  all  animals  agree,  and 
consequently  the  nature  of  the  delerionitiou  suffered  by  the  air  ia 
similar  throughout  the  animal  creation. 

Fishes  breathe  the  air  which  ii  dissolved  in  witer ;  they  therefore 
soon  deprive  it  of  its  oxygen,  the  place  of  which  ii  supplied  by  car- 
bonic acid ;  this  is  in  many  inatances  decomposed  by  aquatic  rcge- 
tables,  which  restore  oxygen,  and  absorb  the  carbon  (1536)  ;  hence 
Ihe  advantage  of  cultivating  growing  vegetables  in  arti6cial  fish-ponds, 
il  has  been  ascertained  by  Biot,  and  verified  by  others,  that  the  nir- 
bladders  of  fish  that  Uve  in  vei^  deep  water  are  filled  with  a  mixture 
of  oxygen  and  nitrogen,  in  which  the  former  greatly  preponderates ; 
but  in  fish  that  are  taken  near  the  surface,  the  nitrogen  is  most  abun- 
dant. In  the  trygla  lyra,  always  caught  in  very  deep  water,  the  air- 
bladder  contained  87  per  cent,  of  oxygen :  in  Uie  carp  and  roach,  ac- 
cording to  F'ourcroy  and  Priestley,  the  air-bladder  contains  tittle  ebe 
than  nitrogen. — Biot,  Mimoiret  d'  Arcueil,  i.  &  ii. 

S054.  The  production  of  amtiud  htat  is  perhaps  the  most  recondite  AaunJb 
of  all  the  functions ;  the  power  appears  to  belong  to  all  animals, 
though  to  some  in  a  very  inferior  degree.  The  higher  orders  of  ani- 
mals always  maintain  a  temperature  of  about  100°  ;  it  varies  a  tittle  in 
different  parts  of  the  body,  the  extremities  and  surface  being  a  degree 
or  two  colder  than  the-  interior  vital  organs.  This  temperature  is  pro- 
bably very  little  affected  by  external  circumstances,  a  hot  or  cold  at- 
mosphere producing  no  corresponding  change  in  the  beat  of  the  cir- 
culating blood. 

When  the  chemical  changes  that  take  place  during  respiration  had 
been  inquired  into,  and  when  it  was  found  that  the  capacity  of  carbon- 
ic acid  for  heat  was  less  than  that  of  oxygen,  it  waa  supposed  that  the 
conversion  of  oxygen  into  carbonic  acid  was  the  cause  of  the  rise  of 
temperature  :  and  as  the  heat  of  the  lungs  does  nol  exceed  that  of 
other  parts,  it  was  asserted  that  the  air  was  absorbed  by  the  blood,  and 
that  the  production  of  carbonic  acid,  and  consequent  evolution  of  heat 
took  place  gradually  during  the  circulation.  To  these  opinions  manj 
strong  objections  have  from  time  to  time  been  urged  by  different  pfay- 
siiologists,  but  their  complete  subversion  followed  the  researches  of 
Mr.  Brodie,  {Pkxl.  Tram.,  1812.)  who  found  that  the  heart  was  capa- 
ble of  retaining  its  functions  for  some  hours,  and  of  carrying  on  circu- 
lation in  a  decapitated  animal,  and  consequently  independent  of  the  in- 
fluence of  the  brain,  when  respiration  was  artificially  carried  on. 
Under  these  circumstances  it  was  observed,  that  although  the  change 
of  blood  from  the  venous  to  the  arterial  stale  was  perfect,  no  beat  was 

inerated,  and  that  Ihe  animal  cooled  regularly  and  gradually  down  to 
atmospheric  standard.  In  more  than  one  instance  I  examined,  at 
request,  the  expired  air,  and  found  that  it  contained  as  much  car- 
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bonic  acid  as  was  producedby  the  healthy  animal ;  lo  that  her«,  circu- 
lation went  on,  there  was  the  change  of  oxygen  into  carbonic  acid,  tintl 
the  alteration  of  colour  in  the  blood,  and  yet  no  heat  whatever  appear- 
ed to  be  generated. 

In  theee  cases  a  period  was  also  put  to  the  secretory  functions  ;  and 
it  has  been  observed  by  acveral  other  physiologists,  that  if  the  ner*-et 
thataupply  any  of  the  glands  are  injured  or  divided,  there  is  a  corrcs' 
ponding  change  or  suspension  of  their  secretion.  Electricity  has  sone- 
tiinee  been  supposed  to  have  some  connexion  with  the  nervous  influ- 
ence, and  the  fact  of  some  of  (he  secretions  being  alcaline,  whila 
Others  aT«  acid  (corresponding to  negative  and  positive  influence),  htt 
been  adduced  in  favour  of  the  suppoaitioti",  but  experiment  has  gone 
little  way  to  sanction  such  a  notion,  and  although  it  has  been  proved 
that  the  nervous  influeoce  contributes  to  the  generation  of  heat  in  an- 
imals, that  it  presides  over  the  phsnomenu  of  secretion,  as  well  as  of 
voluntary  motion,  the  actuid  cause  of  this  influence,  or  ^nergj,  re- 
mains among  those  mysteries  of  nature  which,  doubtless,  for  the 
wiiesl  purposes,  are  bidden  to  the  human  understanding. 


bcbkct's  TBEORT. 

dnding  chapter,  to  notice  the  general  arrangements  of  tbe  mineral 
ftlii,  t<)  describe  the  miitunl  relutiooR  of  the  substuncesconatiliitmg 
,    _.  e  surface  of  oar  globe,  and  to  examine  their  characters  nnJ  rompo- 
sitioB :  th««c  investigations  form  the  object  of  geological  acience. 


lETioN  1.  Gentral  Remarki  on  the  ObjecU  of  Gtali^ical  Sdenci.-^ 
letek  of  the  Thtorin  of  Bumtt,  Woodward,  Uibnilz,  WMiton,  WUie- 
trtt,  and  fiu/^un. — WemerifM  and  Hvttonian  Tlteorie*. 

.  GEOLOi^r  embraces  so  manj  topics  of  discaesion,  its  range  is 
I  estenaive,  and  the  meaiiinga  given  to  the  term  are  bo  varioiis  and 
\e  lo  throw  do  inconsiderable  diihcutties  in  bis  way  nho 
Did  enumerate  and  expound  them.  Persons  hare  been  called  geo- 
^ts,  who,  gitied  with  prolifir  imnpnalioni,  have  indulged  in  lanciful 
Kuliition  concerning  a  jormer  order  of  things,  and  have  reared  hj- 
'  esea  respecting  the  ori^  of  our  planet,  upon  foundations  so  flim- 
^$nd  unsubstantial,  as  la  deserve  no  other  appellalioo  than  flightj 
sf  a  poetic  mind.  Others,  by  careful,  dillgt'nl,  and  extend* 
Iraervations  of  the  present  state  of  the  earth's  surfiice,  have  en- 
raured,  in  the  patif  of  induction,  to  trace  tbe  nature  of  tbe  agentA 
h  bave  once  been  active,  to  ascertain  how  far  they  are  now  operat> 
id  to  anticipate  tiie  results  of  their  contioaaoce.  If  they  frame 
s«,  tbey  do  so  upon  the  results  of  octaal  research  ;  if  they  !&• 
a  speculation,  tbey  assign  to  it  its  proper  place.  These  are  real- 
Og^ts,  and  their  aim  is,  not  to  imagine  or  suppose,  but  to  dtieo- 
e  nature  of  all  changes  of  the  earth's  surface  and  interior,  and 
p  to  arrive  at  the  laws  that  regulate  them, 
toology.  as  a  branch  of  inductive  science,  is  of  very  modem  dat«  ; 
ftongb  the  attention  of  men  baa  long  been  turned  to  a  (beory  of  the 
b,  tbe  formation  of  such  a  theory  is  incompatible  with  any  but  an 
raced  state  of  physical  knowledge.  There  appear,  indeed,  few 
"  ■  of  more  difficulty  ;  none  in  which  the  subject  is  more  complex  ; 
so  diversified  and  scattered  ;  and  where  the  causes  that 
e  operated  are  so  remote  from  the  sphere  of  ordinary  observation. 
0S7.  The  first  writer  upon  this  subject,  whose  name  merits  notice, 
FThomas  Burnet*,  who  may  justly  be  said  lo  have  adorned  the 
bftter  half  of  the  seventeenth  century.  And  though  it  be  true  that  his 
pen  bfts  rather  recorded  the  sallies  of  a  vivid  imagination,  than  the  in- 
ferences of  sober  argument,  he  will  still  be  read  with  some  proGt, 
thoDgh  certainly  with  more  pleasure,  even  in  these  times.  The  ob- 
jection lo  Burnet  and  his  contemporaries,  and  immediate  successors,  is, 
that  they  fancifully  go  back  to  the  chaotic  state  of  the  earth,  and  after 
enlarging,  embellishing,  and  obscuring  the  Mosaic  history,  they  pretend 
^~"  "      e  illtistnited  and  proved  it.     Accordingly,  Burnet,  iu  bis  Sacred 
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Theory  of  (he  Elartk,  begins  with  the  separation  of  elements  from  a  fluid 
mass.  The  heaviest  particles  sank,  and  formed  a  nncleos,  and  water 
and  air  took  their  respective  stations  :  apon  the  water»  however,  the 
air  afterwards  deposited  a  rich  unctuous  crust,  which  begat  vegetation, 
and  a  beautiful  verdure  clothed  the  whole.  There  were  no  moun- 
tains, no  seas,  no  protoberances,  or  inequalities  ;  and  the  equator  be- 
ing coincident  with  the  plane  of  the  ecliptic,  all  the  charms  of  spring 
were  perpetual.  This  state  of  things,  however,  did  not  thus  continue 
for  many  centuries  ;  for  the  sun  caused  large  cracks  and  fissures  in  the 
exterior,  which,  by  gradual  increase,  extended  to  the  great  aqueous 
abyss  ;  the  waters  rose  higher  and  higher,  the  surface  was  utterly  bro- 
ken up  and  destroyed,  and  an  universal  deluge  took  place  :  at  length 
dry  land  began  again  to  appear,  owing  to  a  gradual  subsidence  of  Uie 
waters,  which  retired  into  caverns  and  crevices  origyully  existing  in 
the  nucleus,  or  formed  by  the  disruption  of  the  crust ;  upon  the  in- 
creasing dry  land,  vegetation  began  Qgain  to  exist,  and  our  present  is- 
lands and  continents  were  formed,  wtnle  the  sea  still  occupies  in  part 
its  original  bed. 

I  do  not  recite  the  minutiae  of  Burners  romance,  nor  shall  I  meddle 
with  the  adjustments  of  these  and  the  like  speculations  to  the  records 
of  Holy  Writ.  If,  in  the  laborious  path  of  experimental  investifttion, 
we  are  occasionally  rewarded  with  the  discovery  of  some  new  adapta- 
tions of  causes  and  effects,  which  had  before  escaped  notice,  but  which 
demonstrate  how  all  things  on  earth  are  made  to  work  together  for 
good,  the  discovery  strengthens  our  faith,  and  calls  forth  the  best  feel- 
ings of  which  the  human  heart  is  susceptible ;  but  we  must  not  pre- 
sume to  submit  the  aptitude  of  nature's  arrangements  to  the  (&Mt 
powers  of  human  decision,  to  doubt  her  perfection,  because  our  im- 
becile capacities  cannot  attain  its  comprehension,  or  to  found  our 
proofs  of  the  existence,  or  even  of  the  attributes,  of  the  Deity,  upon 
the  limited,  imperfect,  or  ideal  conception  of  the  excellence  of  na- 
ture's works,  of  which  the  human  understanding  is  capable. 

Although  Burnet's  Theory,  as  he  calls  it,  was  a  mere  hypothetical 
product  of  the  imagination,  unsupported  by  a  single  fact,  or  by  the 
slightest  observed  phaenomenon,  it  excited  much  admiration  and  some 
discussion,  and  was  criticised  with  much  acrimony  and  some  ability*  ; 
more  especially  by  Keill,  of  Oxfordf.  His  style  is  in  general  terse 
and  elegant,  though  it  occasionally  degenerates  into  the  predominant 
pomposity  of  the  period  at  which  he  wrote.  He  was  the  translator 
of  his  own  work  from  Latin  into  EngUsh.  Two  brief  samples  from  the 
latter  will  be  sufficient  for  elucidation.  After  observing  that  the  ob- 
scurity and  remoteness  of  his  subject  has  by  some  been  used  as  an 
argument  against  undertaking  it,  '*  This,"  says  he,  '*  does  but  add  to 
the  pleasure  of  the  contest  where  there  are  hopes  of  victory,  and  suc- 
cess more  than  recompenses  all  the  pains.     No  joy  is  more  grateful  to 

*  By  Dr.  Herbert  Crofte,  in  1685 :  by  Dr.  Beuunont,  in  1693»  and  by  Erasmus  Wanen. 

t  An  Examination  of  Dr.  Bumefs  Theory,  &c.,  by  J.  Kcill.  A.  M.,  of  Baliol  CoH, 
Oxofi.  Second  Edition,  1 7J-1,  Sro.  **  He  (Bnmet)  begins  his  discourse  with  a  sayiw  of  ai 
old  hfathen,  that  philosophy  is  the  greatest  gift  that  ever  God  bestowed  on  man;  but  it  is  pbia 
ii)  aiiy  who  will  be  at  the  pains  to  read  his  book,  diat  God  has  thought  fit  to  bestoir  bat  veiy 
little  of  that  great  gift  upon  hiin,  and,  that  the  world  may  not  lay  this  it  iU-nature,  1  will  fpm 
'Ihiii  a  tast«»  of  his  phylosopiw,"  ^c. 

This  i^  the  gencralk^le  ot  the  ExaminnUvn, 
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mau  than  the  discovery  of  Iruth,  eapeciRlly  where  it  is  haii  lo  eome 
by.  Every  maa  has  a  delight  suited  lo  his  genius,  nnd  as  there  ia  plea- 
sure in  Ihe  right  exercise  of  any  faculty,  so  especially  in  that  of  right 
reasoning,  which  ia  still  the  greater  by  bow  mit<^  the  consequeoces 
nrc  more  clear,  and  the  chains  of  them  more  long.  There  Is  no  chase 
90  pleajiint,  methinks,  as  to  drive  a  thought  from  one  end  of  the  world 
to  the  other,  and  never  to  lose  aigbt  of  it  till  it  falls  into  eternity,  nhcre 
all  things  are  lost,  as  lo  our  knonledge  " 

The  following  passage  from  Burnet's  work  has  been  highly  eulogiz- 
ed by  Steele*,  i-nd  certainly  it  merits  pnti^e  ;  it  is  a  funeiul  oration 
over  the  globe  :  "  Let  us  now,"  says  he,  "  reflect  on  the  transient 
glory  of  the  earth ;  how,  by  the  foi-ce  of  one  element  breaking  loose 
on  the  rest,  all  the  beauties  of  nature,  each  work  of  art,  and  every  la- 
bour of  man  are  reduced  to  nothing  ;  all  that  once  seemed  admirable, 
is  now  obliterated  :  all  that  was  great  and  magnificent,  has  vanished  j 
and  another  form  and  face  of  things,  plain,  simple  and  uniform  over- 
spreads the  earth.  Where  are  now  the  empires  of  the  world  ?  where 
the  imperial  cities,  the  pillars,  trophies,  and  monuments  of  glory? 
what  remains,  what  impressions  or  distinctions  do  you  now  behold  f 
what  is  became  of  Rome,  the  great  city  ;  of  eternal  Rome,  the  em- 
press of  the  world,  whose  foundations  were  so  deep,  whose  palaces 
were  so  sumptuous  ? — her  hour  is  come  ;  she  is  wiped  from  the  face 
of  the  earth,  and  buried  in  everlasting  oblivion,  but  not  Ihe  cilies 
only,  and  tlie  works  of  men's  hands,  but  the  hills  and  mountains,  and 
rocks  of  the  earth,  are  melted  as  wax  before  the  sun,  and  their  pliice 
is  no  where  found  ;  all  have  vanished  and  dropped  gwuy,  tike  Ihe  snow 
that  once  rested  upon  Iheir  summitst." 

ll  is  impossible  to  read  this  quotation,  without  being  reminded  of  one 
of  the  moat  beautiful  passages  in  Ihe  Art  of  Preierving  Health,  where 
Armstrong  has  happily  introduced  very  similar  ideas  : 


[ 


Wi»<  does  not  Tidi:.'  (be  Kntcr  that  long  Iwd  aUud 
The  ctuh  dT  ihunder  and  Ihe  wniring  wiiiil^, 
Shook  by  the  bIow,  but  «ure  dciim}ct,  Tirw, 
Now  bao^  Id  doubtful  niiui  o'er  ita  tMBe ; 
And  flinty  pyrAmids,  uid  italla  of  brosK, 
DfWHid:  ilwB>brlotiiiin  npiretsm  wnki 
Acbsu,  Rune,  iinS  Egypt  wauMrt  damn 
Tinw  gbaku  Ae  Bmblt  \ynDnf  of  ihiaws. 
And  Lonering  flnpires  njdh  bv  thur  own  H«igfL[ ; 
Thii  huge  rowodiiy  m;  twnrfgnwi  i 


11  thosp  worlds  Ihil 


I  Around  di^  Hrn, 


Aguln  involve  iliu  dt-solalc  lb]  «.(. 


.1  .Oglii 


might  select  many  more  beauties  from  the  Sacred  Theory  of  tkt 
ih.     The  passages  1  have  c]aoted,  however,  show  the  general 


'  Spielator,  Wo,  146. 

^lUL-bHl  Id  Ibc  English  editjm  of  BuniM'9  (fork,  (bore  nfermi  lo,  Uu  "OdFtodie  Au- 

T,  tiy  Mr,  AdHi&n,"  in  (be  onluury  fnlume  (t))c  nf  (bat  pariud.     The  fcdhwlng  titiaii  ii 

pi-cbnen: 

J«nquc  lib  Toeii  moam  Hufiiiinl. 

"  11  laudi^m  pBjpna,  (proh  ntlts  ') 
—--1  iugrbit  IE — 
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Strain  of  the  author,  and  it  would  be  irreleyant  amusement  to  pursue 

them. 

2058.  A  very  different  reasoner  from  Burnet  was  Woodward  ;  he 
was  nothing  of  a  poet,  and  not  much  of  a  philosopher  ;  he  pretends  ta 
be  a  matte  r-of-&ct  man ;  but  having  collected  a  few  observations  res- 
pecting the  contents  of  strata,  hastily  proceeded  to  the  erection  of  a 
theory  ;  "  to  build  a  ship,"  as  Lord  Bacon  says,  *^  with  materials  insuf- 
ficient for  the  rowing-pins  of  a  boat."  Woodward  observed  the  exist- 
ence of  fossil  shells,  and  remarked  that  the  lower  strata  of  the  earth^s 
surface  were  generally  harder  than  the  upper,  which  wete  of  more 
light  and  pulverulent  materials  :  whence  he  concluded,  that  at  the  pe- 
riod of  the  deluge,  the  earth  had  acquired  a  new  crust  deposited  upon  it 
by  the  waters,  in  the  succession  of  the  specific  gravity  of  the  materi- 
als ;  the  heaviest,  coarsest,  and  hardest  bodies  forming  what  to  us 
seem  a  nucleus,  covered  by  finer  and  lighter  deposits*. 

2069.  About  this  time  Leibnitz  published  his  Protoguea^  ;  he  sup- 
poses the  earth  to  have  been  in  a  state  of  combustion  fi>r  many  i^ges, 
and  at  length  to  have  gone  out  for  want  of  fuel.  A  glassy  crust  was 
thus  formed,  which  gave  rise  to  sand  and  gravel;  other  kinds  of  earth 
resulted  from  sand  and  salt ;  and  as  the  globe  cooled,  the  water  whick 
had  before  been  kept  in  the  state  of  steam,  assumed  fluidity,  and,  fiJl* 
ing  to  the  earth  produced  the  ocean.  The  particulars  of  these  notioBS 
are,  of  course,  not  worth  reciting. 

2060.  WhistonI  having  blended  the  follies  of  Burnet,  Woodward, 
and  Leibnitz,  endeavours  to  conceal  his  imbecility  under  the  lion's 
skin  of  mathematic^d  calculation  ;  and  taking  many  things  for  granted, 
of  which  there  is  not  the  most  distant  probability,  leaves  us  bewilder* 
ed  and  perplexed ;  he  is  neither  plausible  nor  amusing,  and  is  best 
known  as  having  called  forth  the  hbellous  witticism  of  Swift. 

2061.  But  there  was  a  contemporary  of  Whiston,  whose  works  de- 
serve more  attention  ;  John  Whitehur8t§,  a  native  of  Congleton,  in 
Cheshire  ;  he  passed  much  of  his  time  in  Derbyshire,  and  investigated, 
with  considerable  ability,  the  stratification  of  that  rich  and  interesting 
county  ;  *'  hoping,"  as  he  expresses  it,  **  to  obtain  such  knowledge  of 
subterraneous  geography,  as  might  be  subservient  to  the  purposes  of 
life,  by  exposing  new  treasures  which  are  concealed  in  the  lower 
regiousll."     In  his  inquiry  into  the  original  state  and  formation  of  the 


*  Woodward  applied  the  geological  obgcrvations  he  bad  made  in  England  to  other 
tries.  **  I  was  abundantly  assured  that  the  circumstances  of  these  things  in  remoter  coontiies 
were  much  the  trnmc  with  those  of  ours  here ;  that  tlic  stone,  and  other  torrestrul  matter  in 
France,  Flanders,  Holland,  Spain,  Italy,  Gcnnany,  Denmark,  Norway,  and  Sweden,  was db- 
tinguislied  into  la>  crs,  as  it  is  in  England,  ^c.  Sfc.  To  be  nhort,  i  got  intcUicence  that  theie 
thin^  were  ^  same  in  Africa,  Arabia,  Persia,  and  other  Asiatic  provmces;  in  Ame- 
rica,** Sfc.  See  An  Essay  tmoards  a  Natural  History  qf  the  Earth  and*Ttrreatrial  Bfh 
ditSf  by  John  Woodward,  M.  D.,  SfC.  London,  1702. 

f  lUibnitzii  Optra  Omnia.    Genevse,  1768.     Vol.  ii.  p.  199. 

t  J^cw  Theory  of  the  Earth,  Ac  By  William  Wliistoii,  M.  A.  4th  Edition,  London,  1^5. 

6  The  IVorks  of  John  Whiiekwrst,  F.R.S.,  London,  1729.  "It  is  my  intention  (aju 
Whitehurst,  in  his  Preface  to  the  Inquiry  into  the  Original  State  emd  thrmation  qf  m 
Barthf  to  trace  apjxiarances  in  nature  from  causes  truly  existent ;  and  to  inquire  after  tfao^e 
laws  by  which  the  Creator  chose  to  ibrm  the  world,  not  those  by  which  he  ini^ht  have  fixmed 
it,  had  he  so  pleased.*' 

|l  Whitehurst  particularly  notices  the  similarity  of  succession  in  the  strata  of  E^ngland; 
ana  in  his  d(>scnpUon  of  Derbyshire,  he  mejitions'the  resemblance  of  tlie  toadstune  to  lava, 
and  infers,  from  its  appearance,  situation,  and  effects,  that  it  must  have  issued  from  bebir  in 
an  ignited  state ;  that  it  must  have  been  projected  with  ^reat  violence  amidst  the  superiocuffl- 
kQU%  Strata^  and  that  tticir  displacements  and  irrq^ul^trities  are  the  couscqtieiicc. 
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earth  he  has  assidaously  collected  facts,  among  which  his  account  of 
the  strata  of  Derhyshire  retains  much  value  at  the  present  day,  though 
repeated  investigations  have  since  heen  made  with  all  the  advantages 
of  modem  improvements.  And  as  to  his  theoretical  views,  1  think  it 
is  scarcely  going  too  far  to  say,  that  they  are  the  hest  extant :  for,  un- 
like latter  geologists,  he  first  collected  facts  and  then  constructed  his 
theories ;  and  those  who  are  unbiassed  by  speculative  doctrine,  and 
really  think  for  themselves,  will  consequently  accede  to  by  &r  the 
greater  number  of  his  leading  propositions. 

5E062.  But  no  one  has  proceeded  to  the  forming  of  a  theory  of  the 
earth  with  the  pomp  and  circumstance  of  Buffon*.  It  merit*  attention^ 
not  on  account  of  its  accordance  with  present  appearances,  or  as  af* 
lording  plausible  solutions  of  observed  phaenomena,  but  from  the  elo- 
quence with  which  it  is  adorned,  the  extent  of  information  it  displays, 
and  the  popularity  it  derived  from  these  sources. 

He  supposes  the  planets  in  general  to  have  been  struck  off  from  the 
flan  by  a  comet ;  that  they  consisted  of  fluid  matter,  and  thence  as- 
sumed a  spherical  fonn ;  and  that  by  the  union  of  centrifugal  and  cen- 
tripetal forces  they  are  restrained  in  their  present  orbits.  The  earth 
gradually  cooled,  and  the  circumambient  vapours  condensed  upon  its 
flurfiice,  while  sulphureous,  saline,  and  other  matters,  penetrated  its 
cracks  and  fissures,  and  formed  veins  of  metallic  and  mineral  products. 
The  scorified,  or  pumice-like  surface  of  the  earth,  acted  upon  by  wa- 
ter, produced  clay,  mud,  and  loose  soils ;  and  the  atmosphere  was  con- 
stituted of  subtile  effluvia,  floating  above  all  the  more  ponderous  ma- 
terials. Then  the  sun,  and  winds,  and  tides,  and  the  earth's  motion, 
and  other  causes,  became  effective  in  producing  new  changes.  The 
waters  were  much  elevated  in  the  equatorial  regions,  and  mud,  gravel, 
■nd  fragments  were  transported  thither  from  the  poles ;  hence,  says 
Bnfibn,  the  highest  mountains  lie  between  the  tropics,  the  lowest  to- 
wards the  poles ;  and  hence  the  infinity  of  islands  which  stud  the  tro- 
pical seas.  The  globe's  sur&ce,  once  even  and  regular,  became  now 
fooi^  and  irregular ;  excavations  were  formed  in  one  part,  and  land 
was  elevated  in  another  ;  and  during  a  period  of  ages,  the  fragments 
u£  the  original  materials,  the  shells  of  various  fish,  and  different  other 
exuvie»  were  ground  up  by  the  ocean,  and  produced  calcareous  strata, 
and  other  low-land  depositions.  These  relics  of  marine  animals  we 
find  at  such  heights  above  the  present  level  of  the  sea,  as  to  render  it 
more  than  probable  that  the  ocean  once  entirely  overwhelmed  the 
earth. 

Of  the  phaenomena  I  have  hinted  at,  Buffon  takes  particular  and  ex- 
tended notice,  and  draws  from  them  a  series  of  curious  and  minute 
conclusions  ;  not,  however,  satisfactory  or  logical,  inasmuch  as  many 
of  the  data  they  are  founded  upon  are  imaginary,  not  real.  Every  one 
wbo  now  comtemplates  the  earth's  surface,  must  trace  upon  it  marks 
of  the  most  dire  and  unsparing  revolutions,  which,  from  the  present 
order  of  things,  it  appears  impossible  should  re-occur,  except  by  the 
united  and  continuous  agency  of  the  most  active  powers  of  destruction. 
This,  says  Buffon,  arose  from  the  soft  state  of  the  former  crust  of  the 
earth ;  and  those  causes,  now  imbecile  and  slow  in  their  operation, 


»  Hiitmreet7%eoHedelaT^metA$E^<yuaAlaJMure.    4  Vol.  Siro.  Paris,  1800 
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were  thea  more  effectaally  eierted,  and  reBults  were  obtained  in  a 
few  years,  for  which  centuries  would  now  be  insufficient. 

This  amusing  theorist  next  proceeds  to  contemplate  the  prodactioa 
of  rivers,  which  he  rq;ards  as  having  cut  their  own  way  to  the  ocean, 
aS'gradually  wearing  down  the  mountainous  lands,  filling  up  valleys,  and 
choking  their  exits  into  the  ocean  by  the  transportation  of  finely-divid- 
ed materials.  Thus  every  thing  is  slowly  returning  to  its  former 
state ;  the  mountains  will  be  levelled,  the  valleys  heightened,  excava- 
tions filled  up,  and  the  ocean  will  again  cover  the  earth. 

I  shall  not  enter  into  the  various  confutations  of  these  speculative 
notions,  nor  dwell  upon  many  modem  theories  to  which  they  have 
given  rise.  Pallas,  Kirwan,  De  Luc,  and  others,  have  animadverted 
upon,  but  can  scarcely  be  said  to  have  improved,  Bufibn*s  hypothesis  ] 
and  as  we  set  out  with  granting  it  to  be  the  mere  fabric  of  imagination, 
it  would  be  folly  to  submit  it  to  the  solemnity  of  philosophic  criticism, 

2063.  Many  other  theories  of  the  earth  I  pass  over  in  sUence,  as 
containing  nothing  not  to  be  met  with  in  some  of  the  alreadv  mentioned 
cosmogonists.  The  authors  have  sometimes  clothed  their  fictions  in 
new  dresses,  or  presented  them  under  new  forms ;  but,  if  we  remove 
the  mask,  Burnet  or  Bufibn  are  instantly  recognised.  Thus,  in  pre- 
tending to  advance  learning,  they  have  rather  obstructed  it,  and  have 
accumulated  hypotheses  without  enriching  science.  They  deserve 
that  censure  thrown  upon  certain  writers  by  Dr.  Johnson,  who  calls 
the^  the  *'  persecutors  of  students,  and  the  thieves  of  time.''  Such 
at  least  I  have  found  them. 

There  are  other  geological  writers  who  have  accumulated  many  in- 
teresting facts,  and  whose  insulated  observations  are  truly  curious  and 
valuable  ;  but  their  general  hypotheses  are  of  so  chimerical  a  cast,  as 
rather  to  resemble  Eastern  allegories  than  European  philosophy ;  they 
defy  all  criticism,  and  therefore  lie  out  of  our  present  track,  which 
now  leads  us  to  review  the  prevailing  theories  ofthe  present  day.  These 
are  the  inventions  of  Professor  Werner,  of  Freyburgh*,  and  Dr.  HultoD, 
of  Edinburgh!,  each  of  whom  has  been  ably  supported  and  elucidated  by 
the  proofs,  illustrations,  and  comparative  views  of  acute  and  eloquent 
controversialists!,  and  two  sects  have  been  formed,  under  the  appella- 
tion of  Wernerians  and  Huttonians.  The  disputes  and  differences  of 
these  contending  geologists  would  now  be  prematurely  noticed.  They 
each  profess  to  proceed,  as  rigidly  as  the  subject  allows,  in  the  path  of 
induction  ;  to  reject  mere  hypothesis,  and  raise  their  theories  upon  ac- 
cumulated facts  ;  and  yet  they  arrive  at  conclusions  diametrically  oppo- 
site ;  upon  which  a  clever  writer  remarks,  "  that  among  all  the  won- 
ders geology  presents  to  our  view,  the  confidence  ofthe  theorists  is  by 
far  the  most  unaccountable.'^ 

2064.  The  first  principle  of  the  Wernerian  theory  assumes,  that 
our  globe  was  once  covered  with  a  sort  of  chaotic  compost,  holding 
either  in  solution  or  suspension  the  various  rocks  and  strata  which  now 


*  A  Comparative  View  of  the  HuUoman  and  J^cvtunian  Systenu  of  Geotogy-    Edio- 
harf^,  1802.  jr  v      --^cjr 

t  Z?**^  ^^^  ^'^^'    ^7  ^^^^^  Hutton,  M.D.,  F.R.S.,  Edinbuwh,  1795.    2  Vols.  8w 
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present  themselTes  as  its  exterior  crust.  From  some  unexplained 
cause,  this  fluid  began  first  to  deposit  those  bodies  which  it  held  in  che- 
mical solution,  and  thus  a  variety  of  crystallized,  or  primitive  rocks^ 
were  formed.  In  these  we  find  no  vegetable  or  anim^  remains,  nor 
even  any  rounded  pebbles  ;  but  in  the  strata  which  lie  upon  the  crys- 
talline or  first  deposits,  shells  and  fragments  occasionally  occur :  these, 
therefore,  have  been  termed  tranntion  strata;  and  it  is  imagined  that 
the  peopling  of  the  ocean  commenced  about  this  period.  The  waters 
upon  the  earth  began  now  more  rapidly  to  subside,  and  finely  divided 
particles,  resulting  from  disintegration  of  the  first  formations,  were  its 
principal  contents ;  these  were  deposited  upon  the  transition  rocka 
chiefly  in  horizontal  layers.  They  abound  in  organic  remains,  and  are 
termed  by  Werner Jloets  or  itcondary  rocks. 

It  is  now  conceived  that  the  exposure  of  the  primitive  transition  and 
secondary  rocks  to  the  agencies  of  wind  and  weather,  and  to  the  turbu- 
lent state  of  the  remaining  ocean,  produced  inequalities  of  surface,  and 
that  the  water  retreated  into  lowlands  and  valleys,  where  a  further 
deposition  took  place,  constituting  clay,  gravel,  and  other  alluvial  for- 
mations. 

There  are  also  certain  substances  which,  instead  of  being  found  in 
regularly  alternating  layers  over  the  earth,  are  met  with  in  very  limit- 
ed and  occasional  patches.  Rock-salt,  coal  basalt,  and  some  other  bo« 
dies  are  of  this  character,  and  Werner  has  called  them  subordinate  for- 
mations. 

Lastly,  subterraneous  fires  have  sometimes  given  birth  to  peculiar 
and  very  limited  products  ;  and  these  are  called  volcanic  rocks. 

Such  is  Werner's  account  of  the  production  of  rocks,  which  he  ar- 
ranges under  the  terms  primitive,  transition^  secondary,  alluvial,  subor^ 
dincUe,  and  volcanic  formations,  A  number  of  nice  distinctions  and 
accurate  minutiae  of  description  attend  this  theory,  which  we  cannot 
notice  in  this  bird's-eye  view,  and  which  do  not  affect  the  general 
conclusions. 

If  we  examine  the  stratification  of  our  globe,  we  shall  doubtless  find 
that  certain  substances  do  occur  in  a  certain  order  of  arrangement, 
and  that  they  appear  to  have  been  successively  deposited,  one  upon 
the  other,  in  the  manner  Werner  and  his  disciples  would  have  us  be- 
lieve ;  but  when  we  more  minutely  examine  the  structure  of  the 
earth's  surface,  and  the  relations  of  its  different  strata,  so  many  incon- 
gruities are  discovered,  and  so  much  is  at  variance  with  their  leading 
doctrines,  that  we  are  obliged  to  give  them  up  in  favour  of  views  more 
generally  applicable. 

2065.  Dr.  Hutton  gives  a  very  different  account  of  the  present  order 
of  things.  Looking  upon  the  face  of  nature,  he  observes  every  thing 
in  a  state  of  decay  ;  and  as  she  has  obviously  provided  for  the  regene- 
ration of  animal  and  vegetable  tribes,  so  the  philosophic  mind  will 
descry,  in  this  sipparent  destruction  of  the  earth's  surface,  the  real 
source  of  its  renovation.  The  lofty  mountains  exposed  to  the  action  of 
the  varying  temperature  of  the  atmosphere,  and  the  waters  of  the 
clouds,  are  by  slow  degrees  suffering  constant  diminution  :  their  frag- 
ments are  dislodged  :  masses  are  rolled  into  the  valley,  or  carried  by 
the  rushing  torrents  into  rivers,  and  thence  transported  to  the  sea. 
The  lower  and  sbfler  rocks  are  undergoing  similar,  but  more  rapid  de- 
struction.   The  result  of  all  this  mtistJl>e,  the  accumulation  of  much 
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new  matter  in  the  ocean,  which  will  he  deposited  in  horizontal  lay- 
ers. Looking  at  the  transition  rocks  of  Werner,  he  perceives,  that 
though  not  strictly  crystalline,  they  appear  made  np  of  finely-divided 
matter,  more  or  less  indurated,  and  sometimes  very  hard  in  teztore,  and 
of  a  vitreous  fracture ;  and  that  this  hardening  is  most  perceptiMe 
when  in  contact  with  the  inferior  rock,  which  often  pervades  them  in 
veins,  or  appears  to  have  hroken  up  or  luxated  the  snperincamhent 
masses.  According,  then,  to  Dr«  Hutton,  the  transition  or  secondary 
rocks  of  Werner  were  deposited  at  the  bottom  of  the  ocean  in  con- 
sequence of  operations  similar  to  those  which  are  now  active,  and 
the  primary  rocks  were  formed  beneath  them  by  the  action  of  sub- 
terraneous fires  ;  their  crystalline  texture,  their  hardness,  their 
•luipe,  and  fracture,  and  the  alterations  they  have  prodnced  upon 
their  neighbours,  are  the  proofs  of  the  correctness  of  these  views. 
It  is  by  the  action  of  subterraneous  fire,  then,  that  rocks  have  been 
elevated,  that  strata  have  been  hardened,  and  that  those  changes  have 
resulted  which  an  examination  of  the  earth's  surfiice  nnibldi.  The 
production  of  soils,  and  of  alluvial  land,  is  considered  as  depending 
upon  the  same  causes  as  those  referred  to  in  the  other  theory. 

It  will  be  observed  that  Hulton  refers  to  fire  as  well  as  water  fi>r  Ae 
production  of  our  present  rocks  ;  the  former  consolidating,  hardening 
and  elevating,  the  latter  collecting  and  depositing  the  strata.  This 
system  has  been  happily  illustrated  by  many  of  the  phenomena  that 
occur  among  the  mountains  of  Scotland,  the  birth-place  of  its  inventor, 
and  the  seat  of  his  speculations ;  it  has  been  elucidated  by  the  elo- 
quent and  philosophic  pen  of  Mr.  Playfair ;  and  has  received  other  ad- 
vantages and  aids,  which  the  Wemerian  theory  has  not  enjoyed.  But 
these  circumstances  must  not  be  suffered  to  bias  an  impartial  stoiy  ;  it 
IS  to  facts  we  must  attend,  and  upon  them  found  our  verdict. 

Much  as  has  been  said  upon  the  mischief  of  geological  theories, 
which  by  some  are  represented  as  ingenious,  though  dangerous,  fictions, 
no  one  can  justly  deny  tlieir  importance  and  utility,  as  furnishing  strong 
incitements  to  the  labour  of  observation  and  experiment.  He  that 
has  framed  a  theory  i^  fond  of  searching  for  confirmations  and  he  pro- 
ceeds with  a  real  enthusiasm  widely  distinct  from  the  cold  accuracy  ol' 
the  mere  accumulator  of  insulated  facts.  In  all  physical  inquiries,  the- 
ory and  observation  should  go  together,  like  mind  and  body,  the  one 
guiding  and  directing  the  other.  It  is  quite  true  that  the  impartiality 
of  an  observer  may  often  be  affected  by  system  ;  but  upon  this  it  has 
been  justly  remarkeu  by  Mr.  Playfair,  that  it  is  a  misfortune,  against 
which  the  want  of  theory  is  no  security.  The  partialities  in  favour  of 
opinions  are  not  more  dangerous  than  the  prejudices  against  them ;  for 
such  is  the  spirit  of  system,  and  so  naturally  do  all  men's  notions  tend 
to  reduce  themselves  into  some  regular  form,  that  the  very  belief  that 
there  can  be  no  theory,  becomes  a  theory  itself,  and  may  have  no  in- 
considerable sway  over  the  mind  of  an  observer.  Besides,  one  man 
may  have  as  much  delight  in  pulling  down,  as  another  in  building  up, 
and  may  choose  to  display  his  dexterity  in  the  one  occupation  as  well 
as  in  the  other.  The  want  of  theory,  then,  does  not  secure  the  can- 
dour of  an  observer,  and  may  greatly  diminish  his  skill.  The  disci- 
pline best  calculated  to  promote  both  is  a  thorough  knowledge  of  the 
methods  of  inductive  investigation,  an  acquaintance  with  the  history  of 
physical  discovery,  and  the  study  of  those  sciences  in  which  the  rules 
i>f  philosophiaing  have  been  most  successfully  appUed. 


Skctior  II.  Of  the  SuteetiiiM  if  Strata  ine  ratling  the  fJlohi,  and  of  the 
Stralificatiaa  of  Britain  in  parttcvlar. — Of  Granite,  and  other  pri- 
mary Bocks. 

3066.  Tne  Icrmt  primitive  and  secondar;  rocks,  emptojed  in  the 
Jescription  of  Werner's  (heory,  were  introduced  into  geology  by  Leh- 
man*, n  correct  and  sensible  writer  of  the  middle  of  the  laat  century. 
He  considered  the  crast  of  the  earth  DS  presenting  three  distinct  seric« 
of  substances.  The  first,  coevnl  with  the  world,  he  calb  primitive, 
or  primary,  rocks.  The  second  series  are  of  more  recent  formalion, 
and  seem  to  have  resulted  from  some  great  catastrophe,  probabty  the 
deluge,  tearing  up,  and  modifying  the  fonner  order  of  things  ;  and  the 
third  class  owe  their  formation  to  partial  or  local  revolntions,  as  indi- 
cated by  their  structure  and  situation. 
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diKrena  tems."— Vol.  hi.  SecL  3.    "  II  n'f  a  rKD  da  plus  ruinnl 

itacnetcii  inuxJuwe.    La  pn^nitrc  dane  sera  Mile  drmon- 

—^ , h:  M  tnondo.     LaatcuDde  Kinnlle  do  munlagnei  qui  cnlili 

(brm^i^s  par  unu  rivolutiua  ^u^nlt  quit'esL  hit  aeolir  \  Ian  la  globe.  La  Iroiutme  cIbbv, 
aii£a,  trranlli:  d^  mcmiafnps  qui  duveni  Irrur  foimatia]  fc  dmsccldeiu  panicnlien,  ou  k  daa 
rfvolnlkKu  localas."  "usmnnngneide  la  pmniire  claaac  MDI  tlcvtci,  doni  qnclqim-unes 
■etnancnllsutieiidanjduplBUiFs:  majsqui,  Icpluaordiniureaienl,  ntiioil  ane  toDgue  chum 
ft  InterBrnl  dp9  partiaa  conwUrablaa  du  b  Irire.  EllpEdimrcntds  mdat^nridc  la  M- 
roiulK  ciatSFi  1.  Par  kur  ilcvalion  el  par  leur  grandeor,  qui  lurpKaBol (*lle» de  lomnslei 
tOnt.    a.  t^lRiir  BtruounpldruaR.    3.  Par  lu  MibBtascn  nunetsks  qui  i*]!  limvait'' 
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jgo  STRATA   OP    ENGLAND. 

2067.  In  taking  a  general  view  of  the  substances  which  incrust  our 
globe,  for  of  its  nucleus  we  know  nothing,  we  perceive  certain  distinc- 
tions of  texture  and  disposition,  which  are  at  once  curious  and  import- 
ant. The  rocks  which  I  have  elsewhere  called  primitive,  or  primary, 
are  generally  found  in  huge  masses  or  blocks,  not  regularly  stratified*, 
and  affecting  in  their  fractures  and  fissures,  a  vertical  arraDgement. 
Sometimes  they  are  of  a  perfectly  liomogeneous  texture,  commonly 
hard  and  dunlde,  and  sometimes  composed  of  two  or  three  ingredients 
blended  together  ;  they  are  generally  crystalline  in  their  texture,  and 
usually  constitute  the  JoAiest  mountains.  The  transition  series  of 
rocks  of  the  Wemerian  School,  or  those  which  they  hypothetically 
deem  next  in  point  of  antiquity  to  the  primitive,  are  less  loftj  than  the 
former  ;  they,  in  many  instances,  present  a  slaty  texture  ;  they  seem 
to  have  been  deposited  in  strata  or  layers,  and  these  are  seldoin  either 
vertical  or  horizontal,  but  variously  inclined  to  the  horizon.  The  se- 
condary rocks,  or  the  more  recent  series,  are  nearly,  if  not  quite  hori- 
zontal in  their  position.  In  their  texture  they  are  soft,  and  conse- 
quently easy  of  decay,  and  they  appear  rather  as  mechanical  deposits, 
than  as  chemical  compounds  which  have  resulted  from  fusion,  crystal- 
lization, or  solution.  The  wood-cut  at  the  head  of  this  Chapter  may 
serve  to  give  some  idea  of  the  relative  heights  and  aspects  of  these 
three  »erii*s  of  rocks. 

The5:o  different  series  are  tolerably  regularly  arranged  in  regard  to 
each  other.  The  primary  rocks  form  the  bases  upon  which  the  others 
rest ;  the  transition  are  inunediately  recumbent  upon  these  ;  and  these 
are  succeeded  by  the  varieties  of  secondary  rocks,  and  by  their  de- 
tritus constituting  alluvial  matter  and  soils. 

20G8.  In  selecting  illustrations  from  nature  of  the  different  geologi- 
cal pha^nomena  that  come  before  us,  I  shall  in  all  cases  prefer  refer- 
ence to  our  own  country  ;  and  1  presume  that  it  would,  on  the  whole, 
be  diilicuU  to  select  a  better  spot  for  the  study  of  geology  than  Great 
Britain.  We  have  every  variety  of  rock  presented  under  its  various 
aspects ;  and  though  in  foreign  climes  nature  may  have  more  liberally 
diisporscd  the  sublime,  she  has  no  whore  more  instructively  or  deli- 
cately diversified  the  earth's  surface  than  in  the  small  space  allotted  to 
the  British  isles. 

A  section  of  the  south  of  England,  from  the  coast  of  Cornwall,  for 
instance,  in  the  west,  to  London  in  the  east,  will  furnish  a  good  exhi- 
bition of  the  phaenomana  of  stratification  to  which  1  have  just  alluded. 
It  will  begin  at  the  Liind^s-End,  with  primitive  rocks,  massive  and 
aroori>hous.  Upon  this  rest  several  species  of  transition  rocks,  espc- 
rially  sliites  of  different  kinds,  having  various  inclinations  ;  and  these 
arc  succeeded  by  secondary  strata,  deviating  more  and  more  from  the 
vertical,  and  acquiring  the  horizontal  position;  and  ultimately  we  at- 
tain the  alluvial  matter  upon  which  the  metropolis  stands.  It  is  princi- 
])ally  clay,  and  has  once  perhaps  formed  the  mud  at  the  bottom  of  a  salt- 
water laket. 


*  To  thi«i  distinctive  clinrai  tfv  Uirro  are,  howcvtr,  nimierf>iisrxrcpti'»iie ;  pii  iss,  inira,  riati, 
i|;iart/,  r(H'k,aiirl  cl.iy  slate,  exhibitiii)^  a  distinct ly  '•trHtilied  Hrniii*!i  iiM-nt. 

t  Mr.  (in.'erHnii:h*8  valuable  Geoltjgical  Mnpuf  I'jf^rlaiidaud  \\'h\>  s.  vnd  Mr  Smith'^ (;.'.► 
l>^i(-alCatiiity  Map:;!,  will  Iw  tbund  very  iwi'iil  to  the  !>ludt  nt ;  to  wh«'in  I  iils.»  n  « iii.nii  iii!  .Mr 
VV.  PhiWipff' Sehction  of  fhrts,  kv.,  as  an  i&celK nt  abridgint  ut  ul  tla  iiii}ioit:ui:  nut'siai: 
(■iiilaiiiL-d  lu  the  Gtulogical  Tr9in$actions. 
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Proceeding  from  London  northwards,  towards  the  Scotch  border, 
the  order  of  stratification  is  reversed  ;  and  traversing  a  highly  interest- 
ing series  of  secondary  rocks,  we  arrive  in  Cumberland  at  some  of  the 
primitive  series.  The  whole  arrangement  is  such  as  to  include  the 
highest  and  oldest  rocks  upon  the  west  side  of  England,  forming  an  in- 
terrupted chain  extending  from  the  Land*s-End,  in  Cornwall,  to  Cum- 
beriand,  and  thence  to  the  northern  extremity  of  Scotland.  So  that 
the  length  of  Great  Britain,  and  its  general  shape,  appear  in  a  consi- 
derable degree  dependant  upon  this  chain  of  mountainous  land,  and 
iipon  two  lower  riages,  which  extend  in  one  direction  from  Devon- 
shire, through  Dorsetshire,  Hampshire,  and  Sussex,  into  Kent :  and  in 
another,  nearly  from  the  same  point,  to  the  east  of  Yorkshire. 

The  western  ridge  is  broken  in  upon  in  several  places  by  plains  and 
rirers,  giving  rise  to  so  many  chasms  in  the  great  chain. 

Id  the  Descriptive  Catalogue  of  the  Geological  Specimens  in  the 

Rojral  Institution*,  an  attempt  has  been  made  to  follow  the  natural  suc- 

f^  cession  of  strata  in  Britain,  and  to  show  their  successive  alternations  ; 

f^wad  I  trust  that  it  will  prove  serviceable  in  connecting  the  following  ob- 

'    tervations  with  their  respective  illustrative  districts  of  our  island. 

2069.  Of  the  primitive  rocksf,  one  of  the  most  abundant  in  natilre^ 
and  the  most  useful  in  its  applications,  is  Granite,  so  called  from  its  ap- 
pearing to  be  made  up  of  a  number  of  distinct  grains  or  particles.  Its 
essential  component  parts  are  quartz y  feldspar,  and  mica, 

2070.  Quartz  is  the  substance  commonly  called  rock-crystal,  and 
lias  already  been  described  ( 1 336).  It  is  sometimes  met  with  in  moun- 
tain masses,  which  usually  present  a  conical  appearance.  The  quarts 
is  milk  white,  and  of  a  more  or  less  granular  texture.  The  Sugar- 
Loaf  Mountains  near  Dublin,  the  Paps  of  Jura  in  Argyleshire,  and 
acme  of  the  mountains  of  Sutherland  and  Caithness,  present  instances 
of  this  formation  which  is  stratified  in  the  island  of  Juraf. 

2071.  Feldspar,  the  next  constituent  of  granite,  is  a  compound  body, 
of  which  silica  and  alumina  are  predominant  ingredients  ;  it  generally 
contains  a  little  Ume  and  potassa,  and  is  often  coloured  by  minute  por- 
tions of  oxide  of  iron§.  Sometimes  it  is  found  crystallized,  when  it 
assumes  the  form  of  four  and  six-sided  prisms,  bevilled  on  the  extremi- 
ties ;  its  usual  colours  are  red,  white,  and  grey.  It  is  softer  than 
quartz,  but  harder  than  glass,  and  is  characteristically  marked  by  fusi- 
bility before  the  blow-pipe. 


•  A  Dtseriptive  Catalogue  of  the  British  Specimens,  deposited  in  ihi  Geological  CoUtction 
^f  the  Royal  institution.    Ixxijpnau  &  iUy.,  1816. 

f  In  9eKK:ting  specimens  of  rocks  aiid  strata  for  the  geological  cabinet,  we  should  endeavour 
to  rillow  their  recent  fracture,  as  well  as  their  weather-worn  sur&cc,  which  is  generally  casiU 
•ftainnbte. 

i  €r€oU»ieal  TVansactionSj  ii.  450.  * 

§  In  a  fine  specimen  of  pale  fksh-md  feldspar,  from  ^  Alps,  crystallized  in  the  form  r^ 
At  obliqiic  four-sided  prism,  I  found  the  followuig  constituent  parts : 

Silica 68.00 

Alumina 20.00 

Potassa    8.30 

Lime 2.00 

Oxide  of  iron 0.50 

99.00 
Loss !• 

100.00 


SS4 
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Feldspar  is  a  very  important  ingredient  in  many  kinds  of  pottery ; 
and  the  substance  nsed  by  the  Chinese,  under  the  name  of  pefimls,  is 
probably  of  a  similar  nature.  The  decomposing  feldspar  of  Cornwall 
is  abundandy  employed  in  the  English  porcelain  manufactories,  and  ss 
it  contains  no  iron,  it  retains  its  perfect  whiteness.  According  to  Mr. 
Wedgwood,  it  consists  of 

60  alnmine 

20  silex 

SO  moisture  and  loss. 
There  are  some  beautiful  varieties  of  feldspar  employed  in  orna- 
mental jewellery,  such  as  the  green  and  6/iie  or  Anuuon^9t4me^  of  Si- 
beria and  Amenca ;  the  foliaied^  pearly ^  or  reeplendent  feldnwry  catt- 
ed adularia  and  moon-Mtone ;  and  the  feldspar  of  the  island  of  Sl  Paal^ 
upon  the  coast  of  Labrador,  distinguished  by  the  property  of  reflecting 
very  beautifiil  colours  when  the  light  fidls  upon  it  in  certain  directions. 
Feldspar  is  an  important  component  of  aeveral  other  rocks  besides 
granite. 

2072.  AfuM,  the  third  and  last  of  the  essential  in^edients  of  granite, 
is  a  well-marked  compound  mineral,  consisting  principally  of  slumina 
and  silica,  with  a  little  magnesia  and  oxide  of  iron.  Its  texture  is  la- 
mellar, and  it  is  easily  split  into  thin,  flexible,  elastic,  and  transparent 
plates.  It  is  so  soft  as  readily  to  yield  to  the  nail ;  it  is  sometimes 
met  with  crystallized  in  four  and  six-sided  plates  and  prisms.  Its  usual 
colours  are  shades  of  brown  and  grey  ;  sometimes  it  is  red,  and  some- 
times black.  In  some  parts  of  Siberia  mica  is  copiously  quarried, 
and  is  employed  as  a  substitute  for  glass  in  windows  and  lanterns.  R 
has  been  thus  used  in  Russian  ships  of  war,  where  it  has  the  advantage 
of  not  being  shattered,  like  glass,  by  the  discharge  of  artillery.  The 
extreme  tenuity  of  the  plates  into  which  it  may  be  divided,  and  their 
elasticity,  renders  it  very  uneful  for  the  enclosure  of  objects  to  be  sub- 
mitted to  microscopic  inspection. 

2073.  Such  are  the  characters  of  the  components  of  granite ;  ia 
some  specimens  of  which  they  may  be  distinctly  traced  and  separated 
from  each  other,  but  sometimes  the  particles  are  so  small  as  to  produce 
a  compound,  which  to  the  unaided  eye  will  seem  almost  homogeneous. 
We  have,  therefore,  Jine  and  coarse-grained  granite.  The  former  is 
abundant  in  Scotland,  the  latter  in  Devonshire  and  Cornwall.  Indeed, 
the  Cornish  granite  in  remarkable  for  the  well-defined  and  large  crys- 
tals of  feldspar  which  it  contains,  and  which  may  ba  fi«on  in  many  parts 
of  London,  where  this  rock  has  been  used  for  paving,  and  where  the 
crystals  of  white  feldspar  have  become  evident  in  the  mass,  from  the 
constant  attrition  to  which  it  has  been  subjected.  It  is  of  this^tone 
that  the  Strand  Bridge  is  mainly  constructed.  The  colour  of  granite 
is  principally  dependant  upon  that  of  the  feldspar  it  contains,  though  a 
dark  mica  will  often  give  it  a  gloomy  hue.  It  is  commonly  grey  or 
reddish . 

2074.  There  are  two  rocks  very  closely  allied  to  granite,  and  usual- 
ly associated  with  it ;  1  mean  slaty  granite,  or  gneiss,  composed  of 
precisely  the  same  materials  as  granite,  but  slaty  in  its  fracture,  owing 
to  the  comparatively  large  quantity  of  mica  it  contains  ;  and  tlie  other 
rock  is  a  compound  of  mica  and  quartz  ;  it  has  a  slaty  texture,  andalio 
derives  its  leading  characters  from  tbo  large  quantity  of  mica  it  con- 
tains ;  it  is  called  mica  si^te. 


-raatte  geologistB  wiiJel^  differ.     As  it  cori' 
' ,  liich  all  other  rocka  appear  to  lie,  Wemer 
iii'!-t  formation  of  that  chaotic  rock -depoei ting 
j^ti^N  the  earth  once  to  hare  been  enveloped. 
■  of  granite  hare  heen  adduced  by  Dr.  Hutton, 
n  opinion.     If  we  examine  a  granitic  district  in 
e.iti  regard  to  it,  two  leading  phenomena.     The 
I  granite  frequently  shoot  from  the  great  masi  into 
t  striita.     The  other,  that  the  bodies  lying  upon 
f  they  be  stratified,  either  bear  eTidence  of  having 
■located,  and  penetriitcd  by  the  granite,  whilst  in  a 
^eem  as  if  gradiiully  elevated  hy  some  power  which 
,^^  _     ii(p  up  from  below.     So  that,  upon  this  view  of  the 

fe^^^  '    <.>r  i;rui]iie  as  far  atf  concerns  its  present  position,  is 

^^*  r  tlic  strata  that  rest  upon  it.     They  were  first  de- 

^B^^  -raiiitc  then  erupted  from  beneath,  and  elevated  the 

B  ,.,  ilii'Liiviiig  ihem  out  of  the  horizontal,  and  giving  them  va- 

^^^  unattona  to  the  horizon,  or  sometimes  a  vertical  position. 

^^^  <cken  Mountain  in  the  Hartz  Forest  in  Germany,  St  Michael's 

^^^  .n  Cornwall,  and  the  granitic  district  at  Aviemore  in  the  Scotch 
^^  jmiE,  yt'iH  furnish  illustrations  of  this  subject.  The  first  I  select 
^  r"K>  *"  ^^^  aauie  time,  one  of  the  f-iTOurite  proofs  with  the  Wer- 

mi  df  their  master's  theory,  while  the  Hutlonians  may  regard  it 
:n  fevourable  to  the  truth  of  their  views. 

If  this  mountain  the  peak  ii  granite,  and  upon  it  are  regular  layers 
other  rocks,  the  dip  or  inclination  of  which  is  regulated  by  the  sur- 
csoftbe  central  granite.  In  inspecting  a  section  of  the  Hartz  moun- 
^B,  it  will,  I  think,  hardly  be  denied,  that  the  appearance  is  rather  in 
favoar  of  the  elevation  of  the  strata,  by  the  eruption  of  the  granite, 
than  of  the  original  deposition  of  the  granitic  nucleus,  and  the  succes- 
•ire  labsidence  of  the  other  strata  upon  it. 

At  SL  Michael's  Mount,  in  Cornwall,  a  schistose,  or  slaty,  rock,  is 
iBTaded  by  a  mass  of  granite  from  beneath  ;  veii»  of  the  latter  pene- 
trate the  former,  which  is  hardened,  and  broken,  apparently  by  the 
force  with  which  the  granite  has  been  protruded.  Indeed,  the  whole 
granite  district  of  the  west  of  England,  beginning  at  Dartmoor,  in  De- 
▼onshire,  and  extending  to  the  Land's  End,  in  Cornwall,  presents  ap- 
pearances, which  are  no  way  so  well  accounted  for  as  upon  that  hypo- 
tfalWlil  which  considers  the  granite  to  have  been  thrown  up  from  below 
in  a  fused  state,  and  to  have  forced  its  way  through  the  superincumbent 
■trati.  There  are  four  granitic  summits  in  the  promontory  of  Corn- 
wall, all  probably  connected  with  each  other,  and  with  that  at  Dart- 
moor ;  aod  the  surrounding  country  is  principally  clay  slate,  which 
€Tery  where  inclines  to  the  granite,  in  the  same  manner  as  the  strata  of 
the  Bracken,  in  the  Hartz  Forest. 

In  the  bill  at  Aviemore,  to  which  I  have  alluded,  veins  of  granite  arc 
teen  penetrating  the  slaty  rock  in  all  directions  ;  and  upon  the  weii- 
ther-wom  side,  facing  the  north-east,  a  large  vein  of  granite  may  be 
perceived,  widest  at  bottom,  running  nearly  perpendicular,  and  en- 
lar|;ii%  into  a  mass,  or  stratum,  of  granite,  between  the  schistose 
layers. 

Snch,  then,  is  the  appearance  of  granite,  and  such  the  ai^oments  of 
'the  Huttonian  geologist  coucerning  its  origin.     1  have  meationcd  that 
4  H 


ues,  S<^nite  rormi  irregular  nni  broken  peak*,  of  prodigious 

in,  UDil  Joes  not  split  intu  tlie  block*  and  masses  just  alluited  lo. 

ii  in  Ihe  case  in  the  Al;is  unil  I'yreuecs,  is  the  highest  Scotch  moua- 

a  the  Harlz,  anJ  iii  tliB  Tyrol. 
n  A^ia  aud  Africa  grnnite  constitutes  the  Uralian,  Altaian,  and  Ht- 
iiyia  chains,  iind  Ihe  Adas  mountains  ;  and  iu  South  America,  the 
'  f  ranges  of  Cordilleras  are  chiefly  of  a  vimilar  descriiition-  Th« 
d-cut  nt  the  heud  of  this  eecljun  shows  the  appearance  of  the  al- 
e  nnd  of  the  massive  granite.  The  sketch  ia  taken  from  that  of 
t  Blanc,  and  of  the  Laod's-£od,  in  Corawoll. 
1^077.  Some  kinds  of  granite  are  prone  to  decomposition,  crumbling 
n  into  a  due  clay  cootainiag  siliceous  parlicles :  this  probably  arise* 
n  «  peculiarity  of  the  feldspar,  aflenvurds  to  be  noticed,  lit  gene- 
t  granile  is  the  most  durable  of  nature's  productiaus,  and  long  re- 
I  the  destroying  hand  of  time  ;  as  a  building  material,  therefore, 
is  almost  unrivalled :  tiid,  though  ia  common  cases  its  extreme 
H  is  against  ils  employmenl,  its  use  should  be  enjoined  for  pub- 
p  edifices.  Dublin  furnishes  some  noble  examples  of^  buildings  con- 
lucted  of  granite,  which  is  there  procured  in  the  immediate  vicinity 
e  city,  and  of  a  rery  beautiful  kind. 
D  Wales  there  is  very  httle  granite  ;  in  the  north  of  Scotland  it  is 
I  England  it  occurs  in  Cornwall,  Devon,  Westuioro* 
,  and  Cumberlaud.  It  is  also  met  with  in  smaller  ijuantities  in 
rshire,  at  the  Malvern  Hills ;  and  in  Leicestershire,  ia 
mwood  Forest. 
1078.  AUhough  granite  probably  exists  in  great  abundance  below 
1^ earth's  sur^e,  the  quantity  visible  above  ground  is  comparatively 
\,  perhaps  not  amountius  to  a  hundredth  part  of  the  other  primi- 
A  transition  rocks,  in  some  parts  of  Scotland  the  granite  su- 
I,  however,  is  very  considerable,  and  much  exceeds  the  limiU 
1  lo  it  by  Dr.  flutton.  Upon  this  subject  a  very  acrimonious 
ersy  arose  between  Dr.  Hutton  and  Mr.  Kirwan  ;  the  g«nei-al 
tents,  however,  of  the  former,  in  this  and  other  cases,  commonly 
e  much  nearer  approach  to  truth  than  those  of  Ihe  latter  ;  but  as 
n  reason  is  not  infallible,  he  who  always  contradicts  must  some- 
e  right,  and  thus  the  mere  cavilling  disputant  may  occasionally 
r  the  errors  of  the  slow  and  cautious  observer  of  nature. 
.  To  the  class  of  massive  unstratified  rocks  belongs  foftPBrHV, 
taace  which  is  ranked  by  Werner  among  the  primitive  forma- 
^_.  Its  essential  constituent  is  feldspar;  and  genuine  porphyry 
'  Hiay  be  delined  as  massive  feldspar,  containing  embedded  crystals  of  the 
Mine  substance.  Any  rock  including  distinct  crystals  of  feldspar,  is 
csUed  p'Tphyriiic,  ob porphyrilic  granile,  Sic.  The  colour  of  porphy* 
nr,  which  is  usually  reduish,  brown,  and  green,  U  principally  derived 
/rom  the  base,  or  paste  mcluding  the  crystals.  The  common  as^ut 
«f  porphyry  is  that  of  blocks  and  masses,  not  very  unlike  sitme  of  the 
varieties  of  granite,  but  its  fragments  are  generally  smaller,  and  are  in 
n  more  decaying  condition.  Porphyry  is  an  extremely  durable  mate- 
rial for  ai-chitectural  purposes,  and  as  such  was  highly  esteemed  among 
the  naliuQs  of  antiquity.  It  is  met  with  in  many  parts  of  Britain  :  and 
ia  the  norlh,  the  porphyry  districts  are  of  singular  grandeur,  as  at  the 
base  of  Ben-Cruachan,  on  the  banks  of  the  Awe  ;  and  amidst  the  pre- 
Ciptca  of  Ben-Nevis,  tb«  bi^esl  of  tbe  British  mountainj, 


.^erpetitinp  is  met  with  Ltlso  in  the  Isle  of  Angleaea,  upon  Ihe  north- 
vvn  cojit  near  the  celebnttcJ  Parjs  Mine.  Some  of  the  serpentine  of 
this  district  IB  of  more  brilliant  colours,  more  hard  and  Imnslucent 
than  the  ordinary  serpentine  ;  it  belongs  to  the  species  called  by  mi- 
iieralogisls  nobte  aerpetUine ;  the  same  rock  occurs  at  Portsoy,  on  the 
Murray  Frith  in  Ban&hire,  where  it  is  nssociated  with  granite. 

The  composition  of  serpentine,  a^  relates  to  its  proximate  compo- 
iienlB,  has  been  variously  described.  It  is  generally  so  fine  grained  as 
lo  Mppenr  of  an  uniform  texture;  but  in  Cornwall  a  coarsely  aggregnt- 
(.d  rock,  consisting  of  frldtpar,  tale  and  selalliT  spar,  may  be  traced 
;i:is»t)g  into  the  iine-gralned  serpentine.  I  have  already  alluded  to 
'  he  n.-iture  of  feldspar.  Talc  is  a  body  somewhat  resembling  mica  in 
.ippcnnince,biit  the  plates  into  which  it  is  divisible  are  not  elastic.  Its 
usunl  colours  arc  various  shades  of  green,  ft  consists  of  nearly  «<inal 
parts  of  silita  and  m.-ignesia.  with  a  little  lime  ;  not  more  than  six  ptr 
ctnt.     It  is  met  with  in  small  tabular  crystals. 

SfhilUr  ifone.or  ichiller  spar,  is  a  term  from  the  Germans,  implying 
listening  or  changeable  spar :  it  is  one  of  the  varieties  of  itiallagt  of 
Ibe  French  authors  ;  it  is  a  silico- ferruginous  fossil,  containing 


18  alumina 
12  magnesia. 

r  ia  dark  green  ;  itn  usual  lustre  is  semi -metallic,  varying  nr- 
gto  its  position  in  regard  to  incident  light. 

\liie  is  a  substance  of  diflercnt  tints  of  grey  and  green,  and  from  itn 
V  singular  unctuous /eel  has  been  called  loap-ttonc.  It  is  somewhat 
indant  in  the  serpentine  of  Cornwall,  one  of  the  mnsses  of  which  is 
led  the  toapy  rotk ;  it  is  here  carefully  collected  for  the  porcelain 
"*o{  Worcester  and  Swansea,  in  which  it  forms  a  very  important 
idieiit.  It  also  occurs  in  the  serpentine  of  Banff-  According  le 
it,  Cornish  steatite  consists  of 
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^H^  the  marble,  bat  from  which  it  has  been  loosened,  eo  ds  ju^t  io  admiE 
^■Venon  to  pass  between  the  two  wnlls.     That  they  have  once  been 
ID  contact,  is  proved  by  the  granitic  protuberances  baTing  correspon- 
dent indentations  io  the  marble,  and  vice  vemd. 

2083.  We  have  now  considered  a  highly  important  series  of  rocks, 
and  have  enumerated  their  characters  as  insulated  indiTiduala.  As  a 
class  they  present  analogies  which  distinguish  them  from  their  super- 
incumbent neighbours,  and  give  them  the  stamp  of  a  peculiar  and  dis- 
tinct formation,  either  formed  before  organic  beings,  or  under  circum- 
stances which  have  destroyed  such  remains. 

In  these  rocks  we  seldom  observe  any  regular  stratification  ;  Ihey 
are  mostly  constituted  of  amorphous,  irregular,  and  various  masses, 
1  present  no  appearances  of  having  been  deposited  from  water. 
ley  are  crystalline  aggregates ;  and  they  are  deeper  in  their  aitua- 
B  than  other  rocks,  which  always  appear  incumbent  upon  them,  and 
||en  elevated  or  heaved,  as  it  were,  by  their  operation, 
fhey  often  break  through  the  beds,  or  layers,  that  cover  them,  and 
■  to  a  very  great  eleralion,  forming  the  summits  and  peaks  of  the 
Riest  mountains.  In  England  Ihcy  are  comparatively  rare  ;  in  Coni- 
■U  there  is  abundance  of  granite,  but  it  rises  to  no  great  height, 
nnile  and  its  associates  me  found  in  Cumberland,  but  they  are  spa- 
Igly  scattered  over  tbe  county  ;  and  the  romantic  -ind  picturesque 
■ect  of  the  hills  is  chiefly  derived  from  other  species  of  rocks.  In 
■ties,  the  primary  rocks  are  uncommon,  and  1  know  of  uo  granite  ; 
t  there  is  a  portion  to  be  found  in  the  centre  of  Angtesea,  near 
wiodj,  where  its  associations  merit  notice. 
ftls  Scotland,  the  districts  composed  of  primitive  rocks,  and  present- 
(their  various  aspects,  junctions,  and  transitions,  are  full  of  grandeur 
\ad  interest.  Travelling  northwards  from  Edinburgh,  we  enter  upon 
mica  sbte  at  one  of  the  Highland  passes,  and  crossing  the  Grampians, 
find  their  principal  summits  of  the  same  materials.  From  Loch-Tay 
to  Killin  the  same  rocks  continue,  with  beds  of  limestone.  Ben-Mare 
b*  roica  state  rock,  of  exceeding  grandeur  :  it  rises  to  about  4tJ00  feet 
~  :  the  sea's  level,  and  is  thickly  intersected  with  quartz  reins. 
m-Lawera,  to  the  North  of  Loch-Txy,  is  of  simitar  composition  ;  it 
biefly  gneiss,  associated  with  mica  sUite  and  quartz  ;  and  the  same 
stances  are  found  at  Crng-Caillnch,  and  Schehallion,  and  contribute 
BtbK  magntticence  of  the  celebrated  pass  of  Kilhkrankie,  between 
Vkeld  and  Blair  in  Atbol. 

k  bare  thus  represented  the  highest  monntains  in  Britain  as  compos- 

l«f  granite  and  its  associates  ;  but  these  are  mere  trifling  protiibe- 

on  the  earth's  face,  when  compared  with  the  exceeding 

;fatsof  the  Alpine  chain,  or  the  yet  more  elevated  mountains  of 

b  America,  and  of  Asia,  which  consist  of  the  same  materials.  Ben- 

I,  the  loftiest  of  the  British  mountains,  is  situated  in  the  south  of 

ES-shire,  and  is  4370  feet  high.     Cairngorm  in  the  same  coun- 

Lis  4060  feel  high.     Mont  Blanc,  in  Switzerland,  has  its  peak  eleval- 

■  IS,600  feet  above  tbe  level  of  the  sea  :  it  is  the  highest  mountain 

^Europe  ;  Chimboraso,  the  highest  summit  of  the  Andc«,  is  ?0,280 

it  above  the  sea's  level ;  many  of  the  peaks  of  the  HimUtyi  chain 

b  aa  hi^,  and  the  loftiest  appears  to  exceed  25,000  feet*. 

rtlel''  on  this  wlijuct  In  tb<'  !ixlh  Volume  of  the  ^artrrly  Journal  r>f  Sritntf 
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The  reason  why  these  excessive  elevations  present  nothing  bat  pri- 
mitive rocks,  and  especially  granite,  (excepting,  indeed,  where  they  are 
volcanic)  may  not  at  first  appear  quite  obvious,  for  in  the  low  lands  the 
primitive  are  generally  covered  by  secondary  strata,  which  were  also 
once  probably  incumbent  upon  their  lofUest  summits.  It  is  likely  that 
the  destructive  agencies  of  the  elements  have  been  so  powerfully  ex- 
erted in  these  elevated  and  unprotected  regions,  that  the  secondary 
rocks  have  yielded  to  their  unceasing  attacks,  and  have  been  carried 
towards  the  valleys  by  the  rills  and  torrents,  while  granite  and  its  du- 
rable accompaniments  have  mor^  obstinately  opposed  the  inroads  of 
iuch  resistless  assailants. 

2084.  At  the  same  time,  however,  it  will  seem  probable  that  the 
granitic  mountains  have  themselves  suffered  tremendous  degradation, 
and  that  at  a  former  period  their  summits  were  beyond  their  present 
elevation.  -  All  this  will  appear  more  clear  when  the  general  charac- 
ters of  mountain  chains,  and  the  phasnomena  of  their  decay,  are  taken 
into  the  account.  But  several  circumstances  present  themselves  to 
the  most  superficild  observer,  which  in  a  language  that  it  is  impossible 
to  misinterpret,  announce  the  influence  of  (destructive  agents  upon 
tiiese  apparently  invulnerable  materials*  Prodigious  masses  of  gra- 
nite are  often  found  among  the  secondary  strata  that  form  the  valleys 
under  primary  mountain  chains ;  they  are  insulated  and  unconnected 
with  any  general  mass  of  the  same  material ;  and  the  more  distant  they 
are  from  the  granite  range,  the  more  they  are  rounded  and  smoothened 
upon  the  surface.  Of  this  description  are  the  boulders,  or  blocks  of 
granite,  observed  by  Saussure  upon  the  east  side  of  the  lake  of  Gene- 
va. One  of  these,  called  Pierre  de  GouU^  is  ten  feet  high,  with  an 
horizontal  section  of  15  feet  by  20.  In  the  valley  of  Chamouny,  se- 
veral similar  blocks  have  fallen  from  the  Aiguilles.  Some  of  these 
have  been  transported  between  30  and  40  miles,  and  as  several  moun- 
tains and  valleys  arc  now  interposed,  their  transportation  must  have 
taken  place  at  a  very  remote  date*. 

In  the  glen  which  separates  the  Great  from  the  Little  Saleve,  there 
are  many  granite  boulder  stones  strewed  over  a  calcareous  plain  ;  and 
of  these  several  are  supported  upon  a  short  pillar  of  limestone,  result- 
ing from  the  protection  afTorded  to  the  calcareous  rocks  by  the  harder 
boulder,  so  that  the  height  of  the  column  becomes  a  measure  of  the 
wearing  away  of  the  surrounding  country.  This  appearance  has  in- 
duced Saussure  to  assert,  that  these  stones  are  now  in  the  very  situa- 
tion where  they  were  lef\  by  the  great  aqueous  torrent,  or  debacle, 
which  tore  them  from  their  original  bed,  and  brought  them  down  from 
the  high  Alps  ;  a  conclusion,  however,  as  Mr.  Playfair  has  remarked, 
not  altogether  warranted  by  the  fact.  In  some  of  the  recesses  of  the 
the  Jura  there  are  large,  and  somewhat  angular,  blocks  of  granite 
which  have  evidently  been  deposited  in  their  present  situations  at  ve- 
ry remote  periods,  the  surrounding  and  impending  heights  being  com- 
posed of  limestone  rocks,  which  form  an  ampitheatre  round  the  pre- 
sent valleys.  In  the  neighbourhood  of  Neufchatel,  too,  there  is  an 
enormous  insulated  mass  of  granite  :  it  is  as  large  as  the  celebrated 


^  S.e  r>r.  Kidd's  Geological  Essay,  ClKi^tor.  xviit,  wliich  coiitums  aii  rucjnut  i:  :'; 
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fiiiindation  of  the  statne  of  Peter  the  Great,  erected  at  Petersburgh 
l>7  Catherine  11.,  which  is  composed  of  a  boulder,  or  detached  block 
of  granite,  found  in  the  bay  of  the  Gulf  of  Finland,  whence  it  was 
transported  to  the  capital ;  its  length  was  42  feet,  its  breadth  27  feet, 
itsheighthSI  feet*. 

In  the  Isle  of  Arran,  an  immense  block  of  granite  is  found  upon 
the  shore,  not  only  three  oiiles  from  the  nearest  granite  rock,  but  hav- 
ing also  a  bay  of  the  sea  intervening ;  and  several  similar  instances  • 
might  be  adduced,  proving  the  great  ravage»that  have  been  committed 
upon  even  so  hard  and  unyielding  a  body  as  granite.  We  shall  not, 
then,  be  suprised  that  the  same  agents,  acting  upon  softer  materials, 
bave  made  more  successful  depredations ;  and  have,  in  many  instances, 
completely  denuded  those  granitic  surfaces,  which  were  once  clothed 
by  secondary  strata. 

2085.  In  Cornwall,  granite  is  sometimes  of  very  rapid  decomposi- 
tion, and  the  streams  which  traverse  these  districts  deposit  a  finely-di- 
vided earthy  matter,  resulting  principally  from  the  feldspar,  and  much 
used  in  the  potteries.  Catglaise  tin  mine  is  situated  in  a  decomposing 
granite  of  this  kind,  and  presents  a  spectacle  highly  worthy  the  atten- 
tion of  the  curious.  The  mine  is  a  vast  chasm  in  the  granite  rocks 
and  exposed  to  the  day.  The  tin  ore  and  shorl  rock  traverse  it  in 
abundant  veins,  and  the  surrounding  peaks  stroi^ly  remind  the  behold- 
er of  a  miniature  representation,  or  model  of  the  Alps.  Possibly 
the  rapid  decay  of  the  granite  here  depends  upon  the  quantity  of  al- 
cali  contained  in  its  feldspar. 

Dr  Mac  CuUoch,  in  a  dissertation  on  the  granite  Tors  of  Cornwall, 
poblLshed  in  the  Geological  Tramaetioniy  has  made  some  interesting 
remarks  upon  the  peculiarities  which  they  present,  and  which  have 
even  rise  to  much  idle  and  ignorant  speculation.  A  very  remarkable 
Tor  is  the  Ckees^'wringy  upon  an  eminence  near  Liakeard.  It  is  a  ^ 
cairn  consisting  of  five  stones,  of  which  the  upper  ones  are  larger  than 
and  overhang  the  lower,  the  whole  pile  being  15  feet  high.  The 
atones  of  which  it  consists  are  yielding  to  the  weather  most  rapidly  at 
their  angles  and  edges ;  they  are  thus  becoming  rounded,  and  approach- 
ing that  tottering  state  which  will  soon  hurry  them  down  the  precipice 
to  their  former  companions  in  the  plains  below. 

This  tendency  of  square  blocks  of  stone  to  become  spherical,  inde- 
pendent of  friction,  is  productive,  in  other  cases,  of  very  curious  con- 
aequences,  and  has  often  been  considered  as  demonstrating  the  agency 
of  streams  or  currents,  by  which  the  masses  have  been  transported 
from  distant  regions.  The  present  Tor  has,  by  some  antiquarians, 
been  considered  as  a  druidical  statue  of  Saturn.  The  same  cause  ap- 
pears to  have  produced  the  celebrated  Logging-stone. 

2086.  Before  we  quit  the  subject  of  primary  rocks,  it  will  be  right 
to  mention  a  dbtrict  of  Britain,  which,  for  grandeur  of  scenery  and 
geological  interest,  can,  I  think,  scarcely  be  surpassed.  I  allude  to 
the  country  between  the  eastern  extremity  of  Loch-Ness  and  Fort- 
George,  and  especially  to  the  rocks  over  which  the  river  Fyers  pur- 
aiies  its  turbulent  and  winding  course. 

These  are  seen  in  characteristic  grandeur  in  the  neighbourhood  of 
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the  small  inn  called  the  General's-hnt,  and  the  sceiierjr  heconea  mare 
and  more  impreaaiTe  wid  intereatiiig  until  we  arriTe  at  the  ceMmlad 
fidb  of  the  rirer.  1  should  call  the  rock  a  grcmttM  hrecda,  ortoa^ 
merate ;  it  appears  made  ap  of  numerous  angular  firagments  of  gtwidc 
materlida,  held  together  by  a  sihceons  cement,  and  the  aggregate  ia  of 
hardneu  and  durability  ;  masses  resembling  jasper  and  ^gate 
^  rlM  obserred  in  it  Dr.  Garnet  compares  the  cementyor  basis 
of^the  rock,  to  a  Una  of  a  reddish  hue;  end-  a  cbaaMm  obseryer 
would  consider  the  whole  as  fragments  of  granite  wlik^  hid  been 
united  by  srai-fnsion,  or  softened  and  g^ned  togedter,  asi^^weMipittie 
lire.  IJie  tenend  m^ect  of  the  surrounding  sceneiy  k  ffch  a*  to  hn- 
press  the  mud  with  ibe  idea  of  some  Test  conrubion  of  vr'  '^^^^ 
lorn  the  rocks  asunder,  and  shattered  them  into  ginntie 
rugged  cn^and  abrupt  precipices  present  thenmnrea  on  , 

and  the  rirer  rushes  with  tremendous  impetuosity  dupmn^  ^toep  ^and 
obstructed  chasms.  A  rude  bridge  is  thrown  over  thie  uqpper.fiD, 
whence  the  spectator  beholds  the  waters  of  the  Fyen,  at  thn  diitani  i 
of  too  feet  beneath  hhn,  rusUng  into  a  cai%  of  70  ftjst  fas.  lepth, 
whence  they  again  emi^rge  in  perfect  stillness,  and,  nmnhg  V0^  an 
uneven  and  fn^gmented  channel,  approach  the  lower  or  grand  6IL 
Here  the  waters,  preriously  pent  up  and  exasperated,  suddenly  du- 
chaige  all  tkeir  Tiolence,  and  are  lost  in  a  deep  abyss.  The  depth  of 
the  chasm  in  which  the  rirer  flows  is  400  feet,  and  it  bursts  forth  in  aa 
unbroken  stream,  constituting  a  fall  of  212  feet  perpendicular  heig^ 
The  rugged  irregularities  of  this  district,  the  fragments  that  lie  thicU|r 
strewed  upon  the  sides  of  its  mountains,  the  caverns  that  abound  in 
its  rocks,  and  the  perpendicular  precipice  of  the  great  cascade,  consi- 
dered conjointly  with  the  peculiar  texture  and  composition  of  die  m- 
terials  that  form  it,  present  many  objects  worthy  the  attention  of  some 
geologist,  and  may  be  regarded  as  recording  some  great  natural  convnl- 
fiion,  which  has  not  only  broken  up  and  reunited  certain  primary  rocks, 
but  has  again  disturbed  their  tranquillity,  and  thrown  them  into  the  stu- 
pendous confusion  they  now  exhibit. 


Section  Itl.      Of  Stratified  Rocks,  and  of  the  Tramilion  and  Secondary 
Formations  of  IVerncr.— Rock-salt,  Coal,  Mavial  MatteTi,  Basalt. 

20G7.  We  now  <leaccnd  from  the  primilivc,  to  the  transilion  roekt 
of  Werner ;  these  are  more  particukrlj  the  Hraiified  rocks  of  the  Hutto- 
nmn  geolc^sts,  and  they  are  distinguished  by  several  well- marl: ed 
eharacteni  from  the  unstratifieil  and  primary  rocks. 

One  leading  and  geneml  circiimxtance  may  be  obi>erved  in  regard  to 
them,  which  is,  that  they  never  attain  the  great  elevation  of  the  pri- 
niiiry  bodieg ;  this  has  been  elsewhere  referred  to  the  comparative 
readiness  with  wliich  they  yield  to  the  assaults  of  decomposition  and 
disintegration. 

The  highest  known  mountains  in  the  world  are  those  of  Thibet, 
constituting  the  Htmfil&y&n  chain.  They  are  alluded  to  by  Col. 
Kirkpatrick,  in  his  History  of  JVepaul,  and  an  extended  and  interesting 
account  of  them  has  been  pubUshed  by  Mr.  Colebrooke,  in  the  Astatie 
Restarekts,  Vol.  lii. 

Of  this  chain,  the  highest  peak,  covered  with  eternal  snow,  is  called 
Dwawala-giri,  or  White  Mountain  ;  it  is  the  Mont-Blanc  of  the  In- 
dian Alps,  and  rises  to  the  astonishing  altitude  of  26,462  feet  above  the 
level  of  the  plains  of  Gorukh*plir  ;  or,  upon  the  lowest  computation, 
S6,862  feet  above  the  level  of  the  ocean.  This  is  about  601W  feet 
higher  than  Chimboraso.  11,000  feet  higher  than  Honl-BIanc,  and 
22,000  feet  higher  than  the  most  eleVated  peak  of  the  Britiah  domi- 
nions, which,  indeed,  makes  Ben-Nevis  seem  very  insignificant,  though 
its  summit  is  close  upon  the  verge  of  perpetual  ijqow  in  this  chmate. 
There  can  be  no  doubt  that  the  lolly  peaks  of  the  Thibet  chain  are 
granite,  though  wc  learn  that  the  hills  which  border  them  are  secon- 
dary, and  contain  remains  of  spiral  shells.  The  elevation  of  secondary 
rocks  will,  in  a  great  measure  depend  upon  that  of  the  primary  mate- 
rials beneath  them;  thus,  in  the  Andes  they  ultain  12,000  feet,  in  the 
Alps  7000,  and  in  this  country  not  more  than  3500. 
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2088.  In  respect  to  the  original  fonnation  of  secondaiy  rocks,  the 
notions  of  the  Wemeriana  and  Huttoniana  are  not  so  widelj  different 
as  we  have  found  them  formerly  ;  they  both  agree  that  they  are  depo- 
sitions from  water ;  but  how,  then,  hare  they  lost  their  necessary  ho- 
rizontality,  and  acquired  positions  more  or  less  inclined,  or  even  some- 
times vertical  ?  Dr.  Mutton  conceived  they  were  elevated  and  har- 
dened by  the  throwing  op  of  the  primary  or  nnstratified  rocks  from 
below,  in  the  state  of  igneous  fusion.  It  was  once  a  great  difficulty  to 
imagine  a  combustible  which  should  thus  furnish  fuel  to  melt  these  im- 
mense masses  of  primary  materials,  and  to  conceive  the  real  cause  of 
that  expansive  power  of  heat  which  Dr.  Hutton  always  flies  to.  But 
the  discoveries  of  Sir  H.  Davy,  concerning  the  true  nature  of  earthy 

*  bodies,  have  furnished  unexpected  evidence  in  defence  of  these  ap- 

parent incongruities  of  the  Huttonian  doctrines,  and  it  is  bestowing  no 
small  praise  upon  a  theory,  to  allow  that  it  is  strengthened  by  the  pro- 
gress of  knowledge,  and  elucidated  by  the  advances  of  experimental 
research.  However,  that  these  elevating  powers  do  exist,  is*  proved 
by  the  sudden  throwing  up  of  a  hill  in  the  bay  of  Naples,  which  was 
raised  1000  feet  in  a  single  night*,  and  by  the  appearance  of  anew  is- 
land at  the  Azores,  in  water  between  ftO  and  60  fathoms  deept.  We 
must  aAerwards  refer  to  the  cause  of  these  phasnomina.  At  present 
possession  of  the  fact  is  the  main  requisite.  In  the  Neptunian  system, 
it  is 'conceived  that  the  position  of  the  strata  has  depended  upon  the 
ground  they  have  been  deposited  upon,  and  that  they  have  partly  crys- 
tallized, and  partly  subsided,  upon  the  inclined,  or  nearly  vertical, 
sides  of  primary  rocks  ;  or  that  the  falling  in  of  caverns  has  occasion- 
ed their  present  irregularities ;  but,  when  we  observe  the  mischief 
tvhich  the  primary  rocks  seem  to  have  done  the  secondary,  and  when 
we  take -into  the  account  all  the  phaanomena  of  granite  veins,  before 
discussed,  I  think  that  he  who  is  not  unduly  biassed,  will  feel  inclined 
to  acquiesce  in  the  Huttonian  interpretation.  It  is  probahle,  then,  that 
the  materials  of  the  transition  rocks,  or,  as  1  would  rather  put  it,  of 
those  secondary  and  stratitied  rocks  which  are  immediately  incumbent 
upon  the  unstratifiod  primitive  rocks,  are  derived  from  the  destruction 
of  a  former  order  of  things ;  that  they  have  been  delivered  into  the 
ocean  by  the  rivers,  that  they  have  covered  the  bottom  of  the  sea,  and 
have  been  hardened,  elevated,  and  traversed  by  the  eruption  of  gra- 
nitic and  other  substances  belonging  to  that  class,  from  the  bowels  of 
the  earth. 

2089.  The  next  peculiarity  of  the  secondary  rocks  that  presents 
itself,  is  their  containing  fragments,  pebbles,  and  organic  remains; 
whence  cosmogonists  have  framed  sundry  conclusions  concerning  the 
particular  period  of  their  formation,  which  it  will  be  unwise  and  use- 
less here  to  discuss.  At  the  same  time,  the  presence  of  bodies  which 
once  belonged  to  the  organized  kingdoms,  but  which,  although  still  re- 
taining their  original  forms,  are  completely  fossilized,  furnishes  us  with 
many  interesting  conclusions,  and  holds  out  to  the  inquisitive  unfailing 
matter  of  useful  discussion.  In  the  oldest  secondary  rocks  fragments 
are  often  found,  and  rounded  pebbles,  whence  we  learn  their  origin 
from  former  rocks.     Upon  these,  beds  occur  which  contain  remains 

•  Sc«^  Sir  W.  Haniilton^s  account,  in  the  Philosophicnl  Tixmsactiont,  1771 
t  thiiasophwal  TrwrntUmUt  ISl^i.    Sec  Vv.  Judd^s  Eisay,  Chap.  Exri. 
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of  shellsy  eorab,  tad  fith,  all  of  marine  origin,  and  oftentimes  the  races 
are  extinct.  Approachii^  the  newer  rocks,  relics  of  qnadmpeds,  now 
no  longer  known,  are  observed ;  and,  following  the  defiosition  of  stra* 
ta,  we  nltimately  arrive  at  remains  of  lizards,  crocodiles,  elephants, 
deer,  and  some  other  animals ;  and  we  occasionally  discover  districts 
containing  land  and  sea-sheUs  in  alternating  layers. 

I  merely  make  allusion  to  these  facts,  to  show  how  cnrions  and  new 
is  the  field  of  inquiry,  which  modem  geology  has  opened.  It  has  taught 
us  that  whole  races  of  animals  have  been  swept  from  the  earth's  sur* 
fice ;  that  not  only  species,  but  likewise  genera,  have  become  extinct ; 
that  fresh  water  and  dry  land  existed  before  the  formation  of  many  of 
oar  secondary  strata ;  that  oviparous  quadrupeds  began  to  exist  along 
with  fish,  nearly  at  the  commencement  of  the  secondary  formations ; 
that  mammiferous  sea  animals  are  of  more  ancient  formation  than  land 
animals  ;  that  a  few  of  those  now  known,  existed  towards  the  termina* 
tion  of  secondary  formations,  but  that  by  far  the  greater  number  are 
of  later  date,  and  probably  contemporarv  with  l^e  present  order  of 
the  earth's  sur&ce,  for  their  bones  are  only  discovered  in  very  recent 
depositions,  and  are  in  a  state  of  inferior  preservation  to  those  of  more 
ancient  date ;  and,  lastly,  it  is  to  be  observed  that  no  fossil  human  re- 
mains have  yet  been  found. 

Such  are  some  of  the  topics  which  this  part  of  geology  presents  for 
consideration,  and  which  show  us  that  the  earth  is  indeed  *'  as  a  book, 
in  which  men  may  read  strange  matters."  Though  the  existence  of 
fossil  remains  must  have  been  noticed  from  the  earliest  ages,  the  philo- 
sophical discussions  to  which  they  have  given  rise  are  of  very  modem 
date,  and  the  merit  of  fixing  the  geologist's  attention  upon  them,  as 
recording  certain  revolutions  of  the  globe,  belongs  chiefly  to  Cuvier. 

Further,  to  promote  attention  to  the  nature  and  arrangement  of  the 
secondary  rocks,  it  may  be  suggested  that  they  are  the  chief  reposito- 
ries of  metallic  substances  ;  and  that,  by  their  decomposition  and  de- 
cay they  furnish  the  principal  materiab  of  the  soil  in  which  the  vege- 
table has  its  habitation,  and  consequently  upon  which  the  existence  of 
animals  ultimately  depends. 

2090.  Of  the  secondary  rocks,  Clav-slate  may  be  first  noticed  ;  it 
is  extremely  abundant,  and  generally  immediately  incumbent  upon  the 
primary  series.  It  is  often  micaceous  near  the  junction,  and  we  fre- 
quently observe  it  fragmented,  and  penetrated  by  quartz,  or  feldspar, 
or  mica,  or  by  granite  itself.  Before  the  blow-pipe,  it  fuses  into  a 
Uack  mass  ;  its  usual  colours  are  various  shades  of  grey,  and  it  is  ge- 
nerally so  soft  as  to  yield  to  the  nail.  Siliceous  and  argillaceous 
earths,  and  oxide  of  iron,  with  a  little  lime  and  magnesia,  are  its  prin- 
cipal ingredients*.  The  varieties  of  slate  are  applied  to  various  usefiil 
purposes  :  that  which  is  easily  separable  into  thin  plates,  compact,  so- 
norous, and  not  injured  by  the  application  of  a  moderate  heat,  is  em- 


•« 


*  I  obteined,  as  the  msults  of  Uic  analysis  of  a  specimen  fipom  Loss,  mar  DimdMrtoi^ 
*ht  following  component  partn : 

Silica 4a 

Alomina 38 

Magnena 5 

Lime S.5 

Oiide  of  irao    10 

Loss 6.6 
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ptAycd  for  rooHng  houses.     London  i«  chie6y  coppHei!  ftcm 
in  CuernarrontliJre  ;  and  from  the  iieigbhourhi»>ilorKen<t.tI. 
inori*luDd  ;  there  are  alio  very  lurge  qnarricoat  Easdnle,  in  '' '  . 
Bccordiug  to  Mr.  Jameson,  five  milliom  of  slates  iire  'A-. 
nanufHCtured,  which  gifes  employmeot  to  SOOmcn.      < 
Teral  shite  quarries  of  note  in  Dumbarton  shire  ;  on'-  ■>i:^ 
ly  ti)  be  mentioned,  at  Luhs  ;  it  is  of  geologienl  ii>'' 
a  captivating  viewof  Uie  Inke,  and  (he  ueighboin 
the  clay-9ble  rests  upon  mica  slate  j  the  formci  i 
netruted  by  veins  of  pink  carbonate  of  lime,  ami  '  i    : 
is  very  remarkably  oonlorted. 

2091.  Other  va'rieliea  of  clay-slflte  arc  nsed  for  writins-«li 
pencil,  ^c. ,-  and  where  olate  is  very  abundant,  we  observe  i 
ed  for  ffloo lime ntal  tablets,  pavements,  and  walls.     Crv**' 
pyntcs,  and  some  other  extmneous  bodies  are  not  rare  u: 
geuefHlly  render  it  unfit  for  the  applications  i  have  allin' 
often  contains  fragments  of  other  roclcB,  embedded  mnryi  - 
of  various  kiude,  frequently  pebbles,  and  occii-j- 
sians  of  shells  ;  it  aUo  often  derives  a  green  cnlr. 
of  n  minerul  called  chiorite,  consisting  of  oxide  oli ' 
and  aluminous  earths.     The  slates  containing  >'iii    < 
called  gravwaeke-alatei,  or,  when  of  u  lets  slaty  fracture^ 
WACKB,  a  substance  which  is  abundant  in  this  coaatrj. 

309».  The  ehte  district  of  England  is  of  coosideMi  _ 
neither  wants  sublimity  nor  grandeur ;  it  follows  tlie  f 
chain  which  1  before  alhided  tu,  us  running  north  and  ^om  i> 
neist  side  of  England  ;  in  Cornwull  the  slate  is  se^n  iinm>''i 
bent  npon  grnnite,  and  the  slaty  districts  form  very  be.i.iL 
Upon  many  parts  of  the  coast.  The  term  kiltat  haa  b««ii  ;iij 
by  the  miners.  Nothing,  1  think,  can  exceed  the  8Cen«r7  «l 
Fowey,  and  the  country  between  it  and  Falmouth,  and  upon 
coast  Tintagell  Is  yet  more  reniarkable. 

There  is  some  gruuwacke  in  many  parts  of  Cornwall. 
marked  specimens  I  have  seen,  are  from  Mttwuan,  near  ] 
where  it  dteroates  with  clay  slate. 

S0d3.  Tite  slate  district  of  Wales  is  of  singular  interest  ■ 
ficenco,  M  those  will  acknowledge  who  have  visited  thcf^ii,.: 
tains,  including    Snowdon,    Plynlimmon.  and    Cader    1<1 
mountains  attain  an  elevation  of  belwen  3000  and  4000  {•■ 
mils  are  jagged  and  irregular,  their  declmties  stci;|t  hi:> 
the  neighbouring  passes  and  valleys  have  all  the  peculiar.' 
confers  ;  among  them,  the  Dell  of  Aberglaslyii,  viewe<d  u 
which  unites  Merionethshire  to  the  country  of  Cncmart 
gra/id  and  awful  feature.     The  rocks  are  lolly,  Iodcsoii] 
their  aides  exhibit  terrific  and  inuceasilde  precipices ; 
slopes  are  more  gentle,  they  are  covered  with  the  siiarji 
meals,  which  time  and  the  elements  linvc  dislodged  from  A- 
wood-cut  at  the  head  of  [his  Section  shuws  (he  clufacteraf 
■liile  upon  the  const  of  North  ^Valcs. 

Advancing  northwards,  the  monnt^n  chain  is  broken  |i 
of  Lancashire  \  but  in  Weslmorclimd  and  CumlierUiK)  j 
scots  itself,  plentifully  accompHuied  by  gnuwncke.  wq 
fo  the  cnchcuiting  Kcnery  of  the  lakes.     As  blaclc  pe) 


cee  rtrewed  with  slippery  and  cutting  fragmeDts  mork  the  monntnins  of 
|i  common  ^1  ate,  sobnve  the  graiiwacke  roclu  peculiarities  by  which  thej 
^MR  recognised,  Rnd  which  are  no  where  more  evitlent  than  in  the 
^^■HanJcd  summits  tlmt  embosom  Derwentwaler,  as  represented  in  the 


iDdeBcribnbly  delightful,  and  they  present  that  r 


[1  of  the  sub- 
lime and  beautiful,  of  which  no  better  ideii  can  be  formed,  than  that 
Igeated  by  Mr.  Burke'^  comparison :  "  SubUme  objects  ore  vast  in 
jr  dimeneions  ;  benutiful  ones  comparatively  ttmall  ;  beauty  should 
smooth  and  polished ;    the  great,  ru^ed  and  negligent ;  beauty 
old  shun  the  right  line,  yet  deviate  from  it  insensibly  ;  the  great, 
DBuy  casee  laves  the  right  line,  and  when  it  deviates,  it  oflen  makes 
l^ong  deviation  ;  beauty  should  not  be  obscure  ;  the  great  ought  to 
dark  and  gloomy;  beauty  should  be  light  and  delicate:  the  great 
^t  lo  he  solid  and  even  massive."     These  quahticii  of  that  which 
,      isetibhme,  well  apply  to  the  rocks  I  have  before  described,  and,  when 
blended  with  the  parallel  deiinitioo  of  the  beautiful,  furnish  a  just  notion 
of  Ibe  aspect  of  those  now  under  consideration. 
j      ,_S094.  The  varieties  of  mountain  limestose  (the  tbansition  Lfnt- 
9  of  the  VVemerians)  lire  the  substances  that  ne«t  occur.     Tbej 
Kfrequeiitly  seen  immediately  incumbent  upon  clay -date,  and  arefur- 
|r  distinguished  from  primitive  limestone,  or  statuary  marble,  by  hav- 
k  less  decidedly  crystalline  texture.     Where  this  rock  lies  directly 
late,  it  contains  few  org:tnic  remains ;  but  where  red  sandstone  is 
Mti  betwcea  it  and  the  slate-rocks,  or  in  proportion  as  it  is  distant 
e  primary  and  slate-rocks,  the  relics  of  organization  become  more 
It  then  nbound«  in  remains  of  corals  and  zoophytes,  which 
jF  nre  not  known  to  exist,     It  often  is  traversed  by  veins  of  calcareous 
',  snd  [iresents  a  great  variety  of  colours.     It  is  abundant  in  Devon- 
■e,  South  Wales.  Derbyshire,  and  Yorkshire.     At  t'lymoutli  this 
k  is  seen  immediately  incumbent  upon  slate,  in  a  quarry  betneen 
TDock  and  the  Town.     It*  colours  are  red  and  grey,  itreaked  with 
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white  crystalline  Tcioa.    It  is  also  seen  to  great  perfection  in  the 
Breakwater  quarries  at  Oreston. 

2095.  Slate  disstricts  often  present  very  curious  inflexions  and  incnr- 
vations  of  their  strata.  The  slate  at  Plymouth,  and  the  gniawacke  of 
Clovelly  in  tlie  north  of  Devon,  and  the  killaa  upon  the  coast  of  Corn- 
wall near  Charlestown,  are  in  many  places  very  singularly  contorted ; 
and  sometimes  small  undulations  present  themselves  in  the  laminas,  ex- 
actly resembling  those  left  by  the  ebbing  tide  upon  a  gently  reclining 
sand-bank.  These  appearances  may,  perhaps,  be  referred  to  the  ac« 
tion  of  water  upon  the  materials  before  they  were  consolidated. 

2096.  Limestone  strata  are  also  very  remarkable  for  the  inflexions 
and  curvatures,  referred,  not  very  satisfactorily,  by  Dr.  Hutton  to 
their  having  been  in  a  soft  state  at  the  time  they  were  disturbed  from 
their  horizontal  position.     There  are  some  very  curious  instances  of 

X  these  curvatures  noticed  by  Saussure ;  one,  in  particular,  on  the  road 

from  Geneva  to  Chamouny,  where  the  small  stream  of  JVonl  D^Arpenay 
forma  a  cascade  by  (idling  over  a  perpendicular  surface  of  limestone 
rock  ;  the  strata  are  bent  into  regular  arches,  with  tiie  concaTilj  to 
the  left;  while  in  another  neighbouring  mountain  they  tan  to  the 
right ;  so  that  a  verticle  section  of  the  two  would  present  the  %m  of 
S.  The  top  of  Benlawers  in  Perthshire,  and  the  coast  of  Berwick- 
shire,  with  manj  other  districts  in  Scotland,  present instancetef  ihese 
singular  contortions.  Dr.  Hutton  has  given  a  plate  of  the  bedft  ilnti 
in  Berwickshire,  from  a  drawing  made  by  Sir  Janies  Hall.  I  cneot 
here  follow  Dr.  i^Iutton  and  his  sagacious  conmientator  throai^  thtir 
aiguments  founded  upon  these  ph»nomena,  they  attempt  to  prove  that 
the  undulated  strata  have  received  their  peculiarities  npOe  leviel 
ground  ;  that  they  have  then  been  elevated,  hardened,  and  often  tent 
and  contorted  during  these  processes  ;  and  that  their  irr^^hucAiea  as 
to  position,  and  their  fractures  and  dislocations  have  thus  occorcd,  and 
do  not  result,  as  the  opposite  school  would  have  it,  from  the  fiiDing  in 
of  caverns, — a  position  which  they  assume  as  at  once  acconntiog  fer 
such  appearances,  and  for  the  retreat  of  the  ocean.  Hutton  considers 
the  land  to  have  beeu  raised,  Werner  supposes  the  waters  to  have  re- 
treated 

2097.  The  aspect  of  a  country  of  mountain  limestone  is  peculiar, 
and  generally  extremely  picturesque.  The  hills,  which,  in  this  coaa* 
try  at  least,  are  not  very  lofty,  abound  in  precipices,  caverns,  and 
chasms  ;  and,  when  upon  the  coast,  form  small  promontories,  and  jut 
out  in  low  but  grotesque  pillars.  The  even  surfaces  are  covered  with 
a  stinted  turf,  but  the  rifts  and  cracks  contain  often  a  soft  rich  soil  in 
which  stately  timber  trees  flourish.  The  chasms  of  limestone  rocks 
are  often  filled  with  a  fine  clay,  which  has,  perhaps,  sometimes  been 
derived  from  the  decomposition  of  shaly  strata,  or  sometimes  deposit- 
ed from  other  causes  in  the  fissures,  and  the  singularities  of  aspect, 
and  much  of  the  beauty  of  this  rock,  is  refeiable  to  these  peculiarities. 
Thus,  upon  the  banks  of  the  Wye,  large  and  luxuriant  trees  grace  the 
abrupt  precipices,  and  jut  forth  from  what  appears  a  solid  rock.  Their 
roots  are  firmly  attached  in  some  crevice  filled  with  a  favourable  loil. 
Sometimes  rivers  force  their  way  through  the  chasms  ;  at  other  tim« 
they  are  empty,  and  the  roots  ornamented  by  nature's  hand  with 
stalactitical  concretions  of  white  and  glistening  spar,  which  seem  like 
the  fretted  sculpture  of  Gothic  architecture. 


■  CEITBRT  OF  DEItBySUrtlE. 


r'  The  xiem  of  Dovedale,  and  of  IVIalluck  and  its  vicinity;  and  tb« 
MTes  of  Caslleton,  are  adminibly  illustrative  of  the  scenery  of  laoaa- 
taio  limestone.  Pnnt-Nealh  Vaughn,  in  Glamorganshire,  is  full  of  its 
beauties ;  and  the  panoraona  of  Swansea  Buy,  seen  from  the  Mumbles 
Point,  furnishes  a  pleasing,  charucleristic,  anil  perhaps  unripulled, 
prospect  of  these  rocks. 

The  banks  of  the  Avon  too,  in  the  vicinity  of  Chepstow,  are  of 
mountain  limestone.  The  rock  is  there  impregnated  with  bitumen, 
and  hence  exhales  a  peculiar  and  fetid  odour  when  submitted  lo  the 
blows  of  the  axe  or  haminer.  This  is  by  no  means  uncommonly  the 
oase  where  the  limestone  rock,  as  in  the  present  instance,  is  in  the  vi- 
cinity of  coal.  The  following  sketch  may  serve  to  give  some  ideu  of 
the  appeRrance  of  the  mountain  limestone  of  Dovedale,  in  Derbyshire. 


Q-S098.  Mountain  limestone  ia  an  eiccllent  material  for  building,  and 
toy  of  its  varieties  are  sufficiently  indurated  to  receive  a  good  polish, 
i  are  thus  employed  for  ornamental  purposes,  being  cut  into  vases, 
cltioiney- pieces,  and  the  like.  Where  they  abound  in  corals,  and  other 
organic  remains,  these  frequently  add  to  their  beauty. 

The  colours  of  transition  limestone  are  various,  but  its  essential 
constituent  part  is  always  carbonate  of  lime.  The  black  variety  known 
under  the  name  of  Lucutlite^,  or  black  marble,  has  long  been  admired, 
and  is  oAen  tastefully  manufactured  and  ornamented  by  etching  upon 
its  surface.  It  is  found  in  Derbyshire,  Suthertandsbire,  and  Galloway, 
and  appears  to  derive  its  colour  from  carbonaceous  matter. 

All  these  limestones  are  converted  into  a  more  or  less  pure  ijvick  lime 
by  the  operation  of  a  red  heat,  and  are  thus  ollen  valuable  as  affording 
manures,  and  for  other  purposes. 

*U99.  The  next  rock  that  occurs  in  point  of  succession,  is  reo 
SAND3T0KE.     It  oflen  rests  upon  slate,  and  then,  from  its  position  liaa 


■  A  DUIM  Eiren  lo  The  nurtile  in  conHQUHicc  of  tbc  iicljouiliaii  bdtiiwod  upoa  It  bi  Lu- 
Cina  LucuUui.     Vide  PJmn //iif.  Aat,  36.  B. 
4  K 
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acquired  the  term  of  old  red  tandsttmt.  But  a  >imilar  subatutce,  or 
nearly  so,  abo  is  found  lying  upon  mooDtBin  limesluue,  in  which  oh 
it  boa  been  called  red  marl,  or  n«w  rtd  landtlone. 

Entering  upon  this  substance,  we  cume  upon  distinctly  stratified 
ground ;  it  is  very  ubnndant  in  England,  especially  to  Lancashire, 
Cheshire, Staffordshire,  Shropshire,  and  Worcestershire  ;  and  indepen- 
dent of  its  embowelled  treasures,  for  it  is  connected  with  coal  and  rock 
salt,  its  surface  is  generally  favourable  to  vegetation,  and  its  soil  suffi- 
ciently laxuriant.  It  consists  principally  of  siliceous  particles,  and 
oxide  of  iron,  with  some  argillaceous  earth,  and  more  or  less  calcare- 
ous mBtter<  Its  beds  are  otlen  of  great  thickness,  as  may  be  seen  in 
the  quarries  ;  it  is  much  used  as  a  building  stone,  but  moulders  in  conse- 
quence of  the  action  ofair  and  moisture  upon  the  oxide  of  iron.  It  of^ 
ten  contains  particles  of  mica,  and  fragments  and  pebbles  of  old  rocks. 

3000.  Red  sandstone  rocks  are  seen  in  some  parts  of  Britain  in  great 
beauty  and  perfection,  fispecially  where  they  occur  on  the  coast,  ot 
are  intersected  by  rivers.  At  llfracomb,  the  old  red  sandstone  of  the 
Somersetshire  coast  is  seen  lying  upon  slate  ;  aad  the  junction  is  inlc> 
resting  to  the  geologist,  the  sandstone  becoming  somewhat  slaty,  and  the 
■late  having  a  tendency  to  a  granular  fracture.  The  following  sketch 
of  Hawthomden,  near  Edinburgh,  shows  the  characteristic  featnres  of 
the  red  marl  rock,  or  newer  red  sandstone  ;  and  the  aocient  c  "^^" 
with  its  dungeons  and  vaults,  is  constructed  o{  this  iQateruU. 


of  red  sandstone,  containing  mica  and  fragments,  sometimes  nccompiDT 
primary  rocks,  of  which  a  very  singular  instance  occurs  upon  the  banki 
of  Loch-Beauly,  near  Inverness  ;  a  high  range  of  granite  is  there  bor- 
dered by  a  breccia,  very  like  that  of  the  bed  of  the  Fyers  ;  and  alow 
ridge  of  red  sandstone,  of  which  the  valley  is  also  composed,  accotn- 
panies  the  series,  and  seems  the  detritus  of  the  more  ancient  and  loftj 
formations. 

3001.  The  slates,  grauwackee,  and  limestones,  are  in  this  court 
the  principal  seats  of  the  metallic  ores  ;  and  they  form  scenery  wU " 
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graduaJly  decreasing  in  grandeur  and  sublimity,  increases  in  softness, 
Tariety,  and  luxuriance.  In  the  lowest  sandstone  formation,  we  meet 
with  a  variety  of  bodies  of  the  utmost  importance  in  our  arts  and  ma« 
nnfactures. 

3002.  A  substance  which  occurs  in  abundance  in  many  parts  of  the 
red  strata,  is  gypium  or  stUphate  of  limey  known  also  under  the  name  of 
piaster-stonBy  ielenite,  and  alabaster.  Near  Tutbury  in  Stifibrdshire^ 
and  near  Nottingham,  it  is  found  in  blocks  and  veins  ;  and  lately  a  va- 
riety, new  in  England,  has  been  found,  called  Anhydrite.  These  mine- 
rals constitute  valuable  materials  for  the  ornamental  manufactures  of 
Derbyshire. 

dOO«').  In  the  county  of  Cheshire  the  red  sandstone  contains  immense 
beds  of  common  salt,  most  abundant  in  the  valley  of  the  Weaver,  and 
near  Middle wich,  Northwich,and  Nantwich  ;  it  is  accompanied  by  gyp- 
tam.  The  first  stratum  was  discovered  about  1 50  years  ago,  in  search-  « 
log  for  coal.  It  begins  about  30  yards  from  the  surface,  and  is  25  yards 
thick  ;  below  this,  and  separated  from  it  by  10  or  12  yards  of  indurated 
clay,  is  another  bed  of  salt,  the  extent  of  which  is  unknown  ;  in  many 

? laces  it  is  nearly  pure,  in  others  tinged  with  oxide  of  iron  and  clay. 
*his  pit  is  at  Northwich  ;  and  at  other  places  there  are  very  abundant 
brine  springs.  A  most  remarkable  circumstance  in  the  Northwich  mine 
is  the  arrangment  of  the  salt,  giving  rise  to  an  appearance  something 
like  a  mosaic  roof  and  pavement,  where  it  has  been  horizontally  cut. 
The  salt  is  compact,  but  it  is  arranged  in  rounded  masses,  five  or  six 
feet  in  diameter,  not  truly  spherical,  but  each  compressed  by  those  that 
anrrouDd  it,  so  as  to  have  the  shape  of  an  irregular  polyedron.  The 
Wemerians  regard  the  salt  as  having  merely  crystallized  here  from  its 
s^eous  solutions ;  the  Huttonians  consider  the  water  to  have  been 
evaporated  by  heat.  The  large  pit  at  Northwich  presents  a  very  sin- 
golar  qiectacle  when  duly  illuminated  ;  it  is  a  circle  of  nearly  two  miles 
in  drcamference,  the  roof  is  supported  by  massive  pillars  of  salt,  and 
the  effect  is  heightened  by  the  variety  of  colours  it  presents*. 

3004.  Coal  is  the  most  important  product  of  these  middle  strata. 
What  ia  called  a  coal  fields  or  district^  or  sometimes  a  co€U  basing  may 
be  regarded  as  a  concavity,  varying  greatly  in  extent,  from  a  few  to  many 
aulea,  and  containing  numerous  strata  or  seams  of  coal  of  very  various 
ttnckness,  alternating  with  sandstone,  clays,  and  soft  slate  or  shale  con- 
tainii^  impressions  of  vegetables  and  sometimes  the  remains  of  fresh 
water  shell-fish.  The  parallelism  of  these  strata  is  generally  well  pre- 
served. The  whole  arrangement  is  seldom  any  where  quite  horizon- 
tal, and  never  vertical,  but  almost  always  more  or  less  inclined.  Be- 
neath each  stratum  of  coal,  there  is  often  one  of  soft  clay,  or  elunch^ 
which  rarely  contains  the  organic  remains  of  the  overlying  shale  :  and 
although  the  alternating  strata  of  coal  be  very  numerous,  it  is  seldom 
that  more  than  three  or  four  will  afford  profitable  occupation  to  the 
miner.  The*upper  seam  is  commonly  broken  and  impure,  and  few  beds, 
less  than  two  or  three  feet  in  thickness,  are  followed  down  to  any  con- 
considerable  depth.  The  depth  of  the  mines  will  of  course  greatly 
vary,  according  to  the  inclination  of  the  strata,  the  time  they  have  been 
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worked,  and  other  circumstances.  Oar  deepest  mines  are  in  the  tibxm' 
ties  of  Durham  and  Northumberland,  and  the  thickest  beds  are  found 
in  Staffordshire.  The  most  productive  vary  from  six  to  nine  feet 
r  3005.'  There  are  several  varieties  of  cotd,  but,  as  &r  as  their  econo- 
mical applications  are  concerned,  thej  may  principally  be  reduced  to 
two.  The  coals  of  Lancashire,  Scotland,  and  most  of  those  raised  upon 
the  west  of  England,  bum  quickly  and  brilhantly  bto  a  light  ash : 
while  the  coal  of  Northumberland  and  Durham,  becomes  soft  and  puf- 
fy, spouts  out  bright  jets  of  flame,  requires  poking  to  continue  in 
combustion,  and  produces  bulky  cinders,  which,  if  urged  in  a  violent 
fire  or  mixed  with  fresh  coals,  run  into  slags  and  clinkers. 

3006.  Though  coal  is  chiefly  found  in  the  geological  position  I  have 
mentioned,  constituting  the  independent  coal  formation  of  Werner,  it  is 
Ukewise  found  in  other  situations,  amongst  newer  rocks,  and  sparingly 

•  in  alluvial  soils.  But  in  this  country,  the  main  coal  formations  are 
marked  by  their  position  ;  their  contiguity  to  limestone  and  often  to 
slate  ;  by  micaceous  grits  and  sandstones  ;  and,  above  all,  by  shale  with 
Tegetable' impressions,  decomposing  into  tenacious  blue  clay. 

3007.  The  greater  number  of  geologists  are  now  unanimous  as  to 
the  vegetable  origin  of  coal ;  and,  indeed,  its  composition,  the  abun- 
dance of  vegetable  bodies  with  which  it  is  often  associated,  and  the  gra- 
dual transitions  of  wood  into  coal,  discoverable  in  many  parts  of  the 
world,  may  be  considered  as  satisfactory  evidence  upon  this  subject : 
but  how  it  has  been  formed,  is  another  and  more  intricate  question. 

Dr.  Hutlon  considered  coal  strata  to  have  been  produced  by  the 
operation  of  subterranean  heat,  in  the  manner  already  described,  act- 
ing upon  vegetable  bodies  and  charcoal  under  exceeding  pressure, 
which  prevented  the  usual  phsnomena  of  combustion,  and  hindered 
the  escape  of  the  inflammable  part.  Sometimes,  he  observes,  more 
or  less  bitumen  has  been  driven  off,  for  we  find  it  in  other  strata. 

By  Mr.  Williams,  antediluvian  timber  and  peat  bog  are  regarded  as 
the  source  of  our  present  coal ;  and  a  variety  of  curious  circumstances, 
which  the  minute  history  of  coal  tields  presents,  have  been  adduced  as 
favourable  to  his  conclusions. 

3008.  Tlie  coal  miner  is  often  seriously  interrupted  in  his  proceed- 
ings, by  large  fissures  or  breaks  in  the  strata,  and  by  veins  of  a  hard 
black  rock,  which  cut  through  the  coal,  sometimes  merely  dividing  it, 
at  others  throwing  it  out  of  its  former  position,  it  is  in  the  neighbour- 
hood of  these  dykes  and  troubles,  as  they  are  called  by  the  miners,  that 
immense  quantities  of  carburetted  hydrogen  gas  are  frequently  evolv- 
ed, though  the  coals  themselves,  and  the  cavities  in  the  strata,  also 
yield  it ;  it  constitutes  the  Jlre-damp  of  the  mines  ;  and  when  it  has  any 
where  collected  so.  as  to  constitute  more  than  y^  of  the  volume  of 
atmosphere,  it  becomes  explosive  whenever  a  flame  is  presented  to  it, 
and  the  source  of  such  dreadful  destruction,  that  the  mind  reooilsfrom 
the  recital.  Formerly  the  miners,  in  tliese  dangerous  situations, 
availed  themselves  of  the  light  obtained  by  the  collision  of  flint  and 
steel,  which,  however,  was  by  no  means  free  from  danger,  and  has  beeo 
completely  superseded  by  Sir  Humphry  Davy's  safety  lamp. 

3009.  Another  substance  which  very  often  attends  coal  formation*, 
is  argillaceous  iron-stone,  both  in  layers  and  nodules  ;  and  although  a 
poor  ore  of  iron,  very  seldom  yielding  more  than  30  per  cent,  of  metal, 
it  becomes,  from  its  association  with  coal  and  limestone  (substances  re- 
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Quired  for  its  redaction),  a  most  important  natural  product ;  it  is  tbe 
main  source  of  the  enormous  quantities  of  iron  manufactured  in  this 
country ;  and  the  history  of  the  various  difficulties  which  have  been 
sarniounted  in  completing  the  processes  of  its  reduction*  presents  an 
unriyalled  picture  of  skill,  ingenuity,  and  perseverance  (725). 

3010.  Leaving  the  districts  of  red  sandstone  and  red  marl,  we  ob- 
tenre  a  change  in  the  general  aspect  of  the  country.  There  are  no 
steep  or  abrupt  precipices  :  the  hills  assume  a  more  picturesque  and 
luxuriant  character,  and  the  ru^ed  features  of  primary  country,  are 
here  softened  down  into  gentle  slopes  and  verdant  plains. 

The  rocks  which  now  occur  are  chiefly  varieties  of  limestone  and 
sandstone,  particularly  prolific  in  organic  remains ;  among  them  we 
discern  a  number  of  species  of  which  no  living  semblance  is  now  in 
existence. 

Corals,  zoophytes,  ammonites,  belemnites,  nautili,  and  a  variety  of 
other  fossil  remains,  are  found  in  the  argillaceous  limestones,  which 
succeed  in  position  to  the  red  sandstone,  and  which  are  often  called 
white  and  blue  lias  limestone.  The  coast  of  Dorsetshire,  be^een 
Weymouth  and  Lyme,  presents  a  very  interesting  section  of  these 
atrata ;  and  their  continuation  through  the  country  is  well  entitled  to 
the  notice  of  the  geologist.  They  decompose  into  marl,  and  furnish 
an  ingredient  in  the  best  water-cements.  Sometimes  they  are  of  a  pe- 
culiar yellow  colour,  and  contain  magnesia,  when  the  ibssii  remains 
are  less  frequent. 

30 11.  These  strata  are  succeeded  by  a  species  of  stone,  often  called 
Bath'Stone,  from  its  abundant  occurrence  in  the  vicinity  of  that  city, 
wad  freestone^  or  oolite,  of  which  Portland-stone  is  a  notorious  variety. 
There  then  commonly  occur  various  sandstones,  with  veins  of  chert 
and  oxide  of  iron  ;  and,  lastly,  we  arrive  at  chalk,  and  superincum- 
bent alluvial  matter. 

3012.  The  examination  of  the  fossil  remains  in  these  strata,  leads 
to  conclusions  of  much  interest  and  importance.  In  the  strata  upon 
the  coast  of  Dorsetshire,  below  the  chalk,  we  find  the  remains  of  an 
animal,  which  has  generally  been  regarded  as  a  crocodile,  or  allegator*, 
but  there  are  no  fossil  relics  of  mammiferous  land  animals,  either  here, 
or  in  the  chalk  itself;  whence  it  has  been  concluded,  that  oviparous 
quadrupeds  are  of  more  ancient  date  than  those  of  tbe  viviparous  class, 
and  that  dry  lan^ftnd  fresh  water  existed  before  the  formation  of 
our  present  chalk.  In  the  vicinity  of  Paris  the  chalk  is  covered  by  a 
coarse  shell  limestone,  in  which  the  bones  of  mammiferous  sea  animals 
have  been  found  by  Cuvier ;  but  no  bones  of  mammiferous  land  quad- 
rupeds occur,  till  we  reach  the  more  recent  and  superincumbent  strata. 

3013.  The  chalk  presents  the  geologist  with  much  matter  of  spe- 
culation. In  England  it  is  a  very  abundant  formation,  and  the  round- 
backed  hills  covered  with  verdure  which  mark  the  eastern  counties, 
are  very  characteristic  of  it.  Salisbury  Plain  and  Marlborough  Downs 
Ibnn  a  centre,  whence  the  chalk  eman|ites,  in  a  north-eastern  direction, 
through  the  counties  of  Buckingham,  Bedford,  and  Cambridge,  and 
terminates  on  the  Norfolk  coast.     In  an  easterly  direction  it  traverses 


•  Sir  Evnrard  Home,  in  oxamining  the  foHsil  bom^s  of  this  animal,  haB  thrown  Gonridera- 
Ue  doubt  upon  the  above  (-onclustion ;  and,  fmni  a  peculiarity  in  the  stnicture  QOt0  ^ine, 
TTfnmM^  that  of  tlie  /rofriM,  has  called  it  protcorrhachius.  V 
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Hampshire,  Surry,  and  Kent,  and  terminates  at  Dover ;  and  another 
arm  passing  through  Sussex,  east  south-east,  forms  the  South  Downs, 
and  the  lofty  promontory  of  Beachy  Head.  Parallel  ridges  of  sand- 
atone  generally  accompany  the  chalk,  and  in  Wiltshire,  Berkshire,  and 
some  other  counties,  large  hlocks  of  granular  siliceous  sandstone  lie 
scattered  upon  its  surface ;  of  these  the  celebrated  druidicai  relics, 
called  Stonehtnge,  appear  to  have  been  constructed,  with  the  exception 
of  one  of  the  blocks,  which  is  of  greenstone.  The  lower  beds  of 
chalk  are  generally  argillaceous,  or  marly,  and  contain  no  flints,  and 
few  organic  remains.  The  upper  beds  abound  in  fossil  relics,  of  the 
kinds  before  alluded  to,  and  in  flints  sometimes  regularly  arranged  in 
distinct  nodules,  at  other  times  remarkably  intersecting  the  chalk  in 
thin  seams.  The  formation  of  flint  has  been  much  speculated  upon, 
but  no  plausible  theory  has  yet  been  adduced  in  regard  to  it. 

3014.  In  the  south  of  England  the  chalk  is  covered  with  gravel  and 
clay,  the  history  of  which  is  extremely  curious,  on  account  of  the  fos- 
sils  which  they  contain,  and  the  evidence  they  afford  of  repeated  inun- 
dations of  Stdt  and  fresh  water  upon  the  same  spot.  There  are  two 
celebrated  concavities  fliied  with  such  materials  which  have  been  call- 
ed the  London  and  the  Isle  of  Wight  Basins.  The  former  is  bounded 
by  the  chidk-hilis  proceeding  from  Wiltshire  to  the  south  of  the  Kent- 
ish coast,  in  one  direction,  and  to  the  northern  point  of  the  Norfolk 
coast  iu  another  ;  and  it  is  open  to  the  ocean  upon  the  Essex,  Suflblk, 
and  Norfolk  coiists,  which  show  sections  of  its  contents. 

The  numerous  wells  which  have  been  dug  in  the  neighbourhood  of 
London,  and  the  canals,  tunnels,  and  other  excavations  and  public 
works  which  have  been  carried  on,  have  lately  made  us  acquainted 
with  many  curious  facts  respecting  the  contents  of  this  basin. 

It  deserves  remark,  that  all  the  bones  of  viviparous  land  quadm- 
peds  have  either  been  found  in  the  uppermost  fresh  water  deposits,  or 
in  those  alluvial  formations  of  the  ocean,  which  appear  to  have  been 
the  rosult  of  violent  transportations  of  materials,  rather  than  of  quiet 
depositions  ;  so  that  it  is  probable  these  animals  began  to  exist  doriiig 
that  state  of  the  world  which  preceded  the  last  inundation  of  the  sea. 

The  palaotluria,  anaplotheria,  and  other  unknown  genera  describ- 
ed by  Cuvicr,  are  found  in  tlic  lower^t  parts  of  the  upper  fresh-water 
formation,  placed  immediately  under  the  upper  marine  fbrmation. 
Some  oviparous  quadrupeds  and  fresh-water  nsh#K  found  along  with 
them,  and  they  are  covered  by  alluviid  deposits  containing  marine 
relics. 

The  unknown  or  extinct  species  beloni^ing  to  known  genera,  such  as 
the  mastodon  J  elepfiant,  hippopotamus  and  rkitwcero$^  are  never  asso- 
ciated with  the  more  ancient  or  extinct  genera,  but  are  discovered 
usually  in  the  sea-water  deposits  ;  and  the  bones  of  species  resembUng 
those  that  now  exist,  ave  found  upon  the  sides  of  rivers,  or  in  the  bot- 
toms of  ancient  lakes  and  marshes,  or  in  peat-bogs,  or  in  caverns  and 
fissures  of  rocks  ;  and,  in  consequence  of  their  superficial  situation, 
they  are  generally  much  injured. 

3015.  Of  a  very  sin^lar  and  important  scries  of  rocks,  I  hare  yet 
made  no  mention.  They  occur  indiscriminately  in  primary  and  se- 
condary countries,  and  arc  not  loss  varied  in  their  characters  and  as- 
pects*, than  in  their  situation.  These  are  the  trap-rockt  of  the  Wer- 
nerian^and  the  tthinsioMs  of  Dr.  Mutton.  They  include  the  rorki 
called  GREENSTONE,  BASALT,  AMYGDALOID,  and  TOADSTOXE,  and  are  di-> 
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tingiiisheiit  into  primary,  traneition,  and  floetz  traps,  by  the  Khool  of 
Frey  burgh. 

By  the  term  greerutone.  we  mean  a  compound  of  hornblende  and 
fehlspar,  differing  extremely  in  its  appearance,  being  sometimes  go  fine 
grained  as  (o  appear  homogeneous  ;  at  other  time*  presenting  distinct, 
and  otlen  large,  crystals  nf  hornblende.  Basalt  is  ulvruys  a  bomt^ene- 
oua  rock,  and  abounds  in  black  oxide  of  iron.  Its  cavities  are  often 
blled  with  calcareous  spar,  zeolite,  and  ngale  nodules. 

Greenstone  is  met  with  in  many  parts  of  England  immediately  upon 
granite  and  primary  rocbe  ;  and  it  assumes  the  character  of  its  neigh- 
bours, breaking  into  large  blocks  and  masses  of  very  irregular  appear- 
ance. In  this  state  it  is  seen  in  Cornwall,  at  the  Lizard-Point.  Upon 
the  north  side  of  the  Welsh  mountains,  a  chain  of  greenstone  follows 
the  slate,  which,  in  some  places,  is  columnar,  as  upon  Cader  Idris,  and 
it  forms  a  singular  concavity  near  the  summit  of  that  mountain,  very 
like  the  crater  of  a  volcano,  la  Derbyshire  these  rocks  are  among 
the  transition  series  of  Werner.  They  form  strata,  and  hll  cavities  in 
the  Umestooe.  In  coal-fields  they  constitute  dykes,  or  veins  ;  and, 
among  the  newest  and  secondary  strata,  they  are  seen  in  sandstone  at 
Edinburgh,  and  upon  the  coast  of  Antrim  they  are  incumbent  upon, 
(md  alternate  with,  chalk.    Theanoeied  wood-cut,  taken  from  a  sketch 


.  -ohgical  Tramaclioo),  Vol.  iii., 
-  Lfurring  at  Cow's  Bridge,  in 

GleDtilt,  in  Scotbu  J,  of  lliu  scliislo=e  (ttrata  by  the  black  mass  of  horn- 
blende rock,  which  also  contains  an  embedded  mass  of  marble. 

3016.  ThecODunoD  observer,  to  whom  a  piece  of  basalt  is  presented, 
would  presently  announce  it  to  be  the  produce  of  a  volcano,  and  the 
analogy  between  it  and  lava  is  most  striking.  This  alone  would  justify 
as  in  concluding,  that  whinslooe  is  the  produce  of  fire.  But  the  Hut- 
tonian  hypothesis,  as  applied  to  its  origin,  becomes  much  more  satisfac- 
tory, when  we  contemplate  the  effects  produced  upon  the  strata  into 
which  it  has  been  thrown,  or  upon  the  substances  in  its  vicinity.    Tbuv 
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iltic  dyke,  1^ 


the  sandslone  of  Salisbury  Cmigs,  near  Edinburgh,  is  broken,  i 
and  even  apparently  fused  by  iU  irruption.     The  soft  while  li 
of  the  county  of  ADtrim,  where  in  contact  with  the  ImmUic  dyke, 
hardened  and  rendered  crystaUine,  like  marble  and  cnlcareoiM  epnr  ; 
and  the  coal  in  the  same  county  is  coaked,  iia  it  were,  where  toacbed 
by  the  wfainstone.     At  the  same  time,  the  dykes  themselves  bear  e»t 
deot  marks  of  igneous  fusion.     They  are  more  regubrly  crystalliM 
in  the  centre  than  upon  the  surface,  an  effect  nhicli  may  be  well  4 
ferred  to  the  difTereut  rales  of  cooling,    in    the  melted  i 
wliich  may  even  be  imitated  artificially  with  the  slag  of  an  iron  fi 

Perhaps  the  most  remarkable  phznomenon  concerning  basalt,  i 
occEisional  columnar  structure,  an  appearance  tvbich  lava  sometio) 
assumes.  Upon  this  subject  Sir  James  Hall's  experiments  are  o' 
treme  interest ;  and,  when  conjoined  with  those  of  Mr.  Watt,  pre 
a  further,  and,  indeed,  almost  irresistible  evidence  in  favour  of  tt 
neous  origin  of  basalt. 

3017    In  accounting  for  (be  humid  origin  of  basalt,  the  > 
refer  to  the  columnar  cracking  of  clay,  mud,  starch,  ^c,  dt 
log  ;  and  in  this  they  fancy  an  analogy  to  basaltic  columns  ;  h\ 
cases,  there  are  always  chasms  and  vacuities  produced  by  the  al 
of  the  mass  ;  whereas  the  columns  of  basalt  are  so  closely  coi 
that  the  thin  blade  of  a  knife  can  scarcely  be  thrust  between  tl 
Upon  (he  whole,  the  Huttonian  theory  may  be  considered  as  n 
more  free  from  objections,  than  where  it  applies  to  basalt  ;  * 
hardening,  contortions,  and  breaking  of  the  strata  by  whin  dyk«8, 1 
the  numerous  analos;ies  of  basalt  and  lava,  are  to  the  Neptuniana  p 
dozes  which  admit  of  no  solution. 

3018.  Of  columnar  basalt,  the  British  dominions  present  the  nol^ 
specimens  in  the  known  world.     Upon  the  coast  of  Antrim,  in  Ii 
massive  and  columnar  basalt  is  seen  in  all  its  varieties,  the  fori 
dboonding  in  deep  and  lofty  caverns,  the  latter  presenting  v: 


fades  to  the  ocean.  The  Giaat'a  Caiiaew^,  aBmall  pnrtof  which, 
with  the  neighbouring  coast,  is  sfaowa  in  the  aboye  wood-cut,  consists 
of  ihres  piers  of  columns,  which  eiteod  some  hundred  feet  into  the 
sea.  It  is  surrounded  by  precipitous  rocks,  from  two  hundred  to  four 
hundred  feet  high,  in  which  (here  are  several  striking  assembl-dges  of 
columui,  some  rertica],  some  bent  or  inclined,  and  some  horizontal, 
and,  as  it  were,  driven  into  the  rock.  Bengore,  which  bounds  the 
Causeway  on  the  east,  contists  of  alternate  ranges  of  tubular  and  mas- 
sive, with  columnar  basalt-  But  amongst  the  varioas  and  grand  objects 
on  this  coast,  Pleskin  is  perhaps  the  moat  striking  ;  it  presents  several 
colonnades  of  great  height  and  regularity,  separated  from  each  other  by 
tabular  basalt ;  and  at  Fairhead  there  is  a  range  of  columns  of  from  10 
to  20  feet  in  diameter,  and  between  300  aod  300  feet  high,  supported 
upon  a  steep  declivity,  and  forming  a  terrace  which  towers  nearly  600 
feet  above  the  waves  beneath.  He  who  would  really  see  the  sublime 
should  visit  this  stupendous  promontory. 

Another  basidtic  district,  which  I  am  iDcUoed  to  regard  as  exceeding 
the  former  in  magnificent  peculiarities,  is  that  which  presents  itself  in 
sailing  down  Loch-Nagaul,  in  Mull,  towards  the  Isle  of  Tiree.  The 
coast  of  Mull,  upon  the  right  and  left,  exhibits  the  step-like  appearance 
of  basaltic  rockii  in  great  perfection,  and  has  6oe  caverns  and  columns  ; 
the  islands  of  Ulva  and  Gometra  rise  with  the  abrupt  and  irregutarpre- 
eipices  common  to  this  formation.  The  Treshamish  Isles  exhibit  co- 
lurooar  and  massive  basalt,  and  in  the  midst  of  this  curious  panorama, 
Staffa  presents  itself.  The  columns,  which  are  from  30  to  50  feet  high*, 
are  approiiched  by  a  fine  causeway,  rising  gradually  from  the  deep,  and 
they  appear  to  support  an  immense  weight  of  tabular  basalt.  The  pil- 
lars are  perpendicular,  inclined,  and  in  places  extremely  curved ;  and 
in  the  Cave  of  Fingal  the  ranges  of  columns  extend  in  long  perspective 
into  the  interior  of  the  rock,  presenting  a  scene  of  such  unrivalled 
grandeur,  as  hitherto  to  have  foiled  all  attempts  of  the  poet  to  describe, 
or  of  the  painter  to  represent.  The  wood-cut  at  the  head  of  the  next 
Section,  copied  from  Dr.  Mac  Culloch's  sketch,  represents  the  Cause- 
way and  entrance  of  the  Cave. 
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StcTiOK  IV.     Of  Metallic  I'fias.—Of  tite  GmcTal  Cavtu  of  tht  Dt- 
compotition  of  Roclu. — Of  Vokanots :  and  of  the  Analt/na  of  Soilt. 

3019.  Bebibes  the  veina  of  lapidcous  substancea,  the  fis9ur«B  filled 
wKh  ilebris  and  rubbish,  the  dykea,  the  beds  of  sail,  and  the  fieUa  of 
toal ,  there  are  diffused  through  the  struU  a  vari«^  of  other  trea«ur«i, 
among  which  th«  metab  are  of  the  utmost  iotereBt  and  impoilaace. 
By  the  term  Mineral  Vein,  we  inecin  a  separatioD  in  the  continuitr  »f  a 
rock  of  detenmnnte  width,  but  extending  indeliQitely  in  lenjclh  anit 
depth,  filled  with  metallic  ores,  and  crystalliae  suhBtuuces,  diffcriDf 
from  the  rock  itself. 

Nearly  all  rocks  are  occajionally  thus  traversed,  but  the  middle  k- 
ries  'are  those  in  which  metals  are  most  abundant.  In  Cornwall,  fiif 
instaoce,  tin  occurs  both  in  the  granite  and  slate  ;  but  it  is  most  abun- 
dant in  the  latter,  and  the  vein  occasionally  runs  between  the  two  rocks, 
80  that  one  wall  coniists  of  granite,  and  the  other  of  slat«.  Tbe 
metal  is  often  separated  from  the  ronk  by  thin  layers  of.cUj,  or  of 
atony  materials,  called  Deada,  which  also  intermix  with  tlM  ore,  uid 
form  its  gangw  or  matrix. 

3020.  The  richest  metallic  veins  run,  without  exception,  eut  and 
west.  Those  which  run  north  andsouth  being  usually  filled  with  (to- 
ny materials.  The  latter  veins  appear  of  posterior  date  ta  the  former, 
for  they  ol\en  intersect  them  throwing  them  out  of  their  r^nWcourae; 
generally  a  few  inches  only  east  and  west,  but  many  falitoms  north  mi 
south.  These  crots  courtei  often  interfere  with  the  treaaares  of  the 
nietallic  vein,  though,  when  solid,  they  are  sometimes  of  great  service 
in  keepii^  out  water. 

3021.  The  extent  to  which  veins  may  be  pursued,  is  extremely  »»• 
riouB,  and  depends  much  upon  accidental  circumstances.  Sometimua 
croas  course  cuts  tlie  vein,  and  puta  an  end  to  the  miner's  hopes,  he 
being  unable  to  discover  its  continuation  after  such  interruption  ;  soio*- 
timea  the  depth  of  the  vein  becomes  so  great,  that  it  cannot  be  pniilcnt- 
ly  pursued ;  sometimes  a  rich  lode  of  metal  suddenly  disappoart,  or 
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vaBiahes  into  thin  stringa,  which,  though  often  quite  lost,  occasionally 
reunite  into  a  good  vein,  or  bunch  of  metal.  So  that,  taking  all  these 
circumstances  into  account,  between  two  or  three  miles  la  usuaU^  the 
utmost  extent  to  which  a  veiu  has  been  (turaaed*. 

3022.  Veins  vary  in  width,  from  an  inch  or  two,  to  30  or  40  feet, 
bnt  the  middle-sized  veins  are  BsuaUy  most  prolific ,  the  largef  becom- 
ing relatively  poor.  The  influx  of  water  was  formerly  an  insuperable 
impediment  to  the  pursuit  of  a  vein,  and  remdng  now  a  serious  anil 
«ipensive  obstacle  to  mining.  Formerly  many  veins  in  Cornwall  were 
only  worked  for  lin,  which,  at  greater  depths,  have  lately  yielded  abun- 
dance of  copper;  but  io  Cornwall  copper  is  never  found  without  water, 
and  all  the  mines  of  that  metal  require  drainage  by  engines,  or  other 

3023.  Concerning  the  original  formation  of  metallic  vetos,  there  has 
been  considerable  collision  of  sentiment  among  geologists  ;  but  two 
circumstances  seem  sufficiently  obvious ;  one,  that  they  are  of  later 
iaie  tbiut  the  containing  strata,  ^at  they  are  not  contemporaneous ; 
and  the  other,  that  their  conte|)P  have  been  in  a  fluid  state.  The 
former  position  is  indicated  by  their  intersecting  different  strata  ;  the 
latter,  by  the  crystalline  forms  of  the  Substances  they  contain.  The 
Neptunians  tell  us  that  veins  have  been  filled  by  meullic  and  lapideoni 
solutions  flowing  in  from  above,  but  they  do  not  inform  us  of  the  na- 
ture of  the  solvent  which  held  the  different  bodies  they  present;  nor 
can  we  guess  why  its  contents  are  deposited  exclusively  b  the  vein, 
and  not  found  upon  the  adjacent  surface. 

3024.  The  Flutonisls  consider  veins  as  filled  from  below,  by  the 
injectioQ  of  matters  in  igneous  fusion ;  and  in  the  shifling,  breaking,  and 
dialodgement  of  the  stmla,  they  read  the  force  with  which  these  ope- 
rations have  been  performed.  The  validity  of  hypotheses  is  only  to 
be  estimated  bv  their  accordance  with  fhctt  ;  and  although  there  be 
many  inexplicable  phxnomena  attending  metallic  veins,  yet  the  nature 
of  their  contents  is  such  as  to  favour  the  igneous  hypothesis,  and  to  lead 
to  the  J>elief  that  fire,  not  water,  has  been  the  graod  solvent  of 
wbich  nature  has  here  availed  herself.  That  the  metals  have  passed 
from  the  fluid  (o  the  solid  state,  seems  suflicienlly  obvious,  from  their 
crystalline  form  ;  and  it  is  much  more  probable  that  they  should  have 
been  liquelied  by  heat  than  by  any  other  solvent. 

Sulphur  is  very  commonly  found  united  to  metallic  bodies,  and  the 
greater  number  of  metallic  ores  contain  that  element.  Such  com- 
pounds are  easily  produced  by  the  artificial  agency  of  fire,  but  with 
great  difficulty  by  any  other  process- 

3023.  A  very  curious  fact  in  the  history  of  veins  is,  that  they  are  of 
different  dates,  for  one  vein  often  intersects  another,  and  we  are  thus 
enabled  to  judge  of  their  relative  ages.  In  the  county  of  Cornwall, 
one  of  the  richest  mining  districts  of  the  world,  we  observe  some  re- 
markable circumstances  of  this  kind.  Where  a  copper  and  a  tin  vein, 
for  instance  meet,  the  former  always  cuts  through  the  latter,  and  ge- 
nerally throws  it  out  of  its  old  course,  greatly  to  the  distress  of  the 
miner,  who  sometimes  cannot  find  its  continuation,  or  st  least  is  put  to 
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nwcb  difficulty  aad  expense  to  do  so.  It  appears,  therefore,  that  tin 
Teins  are  invariably  older  than  those  of  copper.  SometimeSy  as  in 
Derbyshire,  the  metallic  ores  lie  in  large  longitudinal  cayities,  called 

Otoe  veirn. 

d026.  In  searching  for  Veins  of  the  useful  metals,  there  are  certain 
indications  of  which  the  experienced  m|ner  sometimes  profitably  avails 
himself.  Thus,  a  green  earthy  matter  is  a  good  symptom  in  a  tin  mine ; 
a  brown  ochrey  earth,  and  compact  iron  pyrites,  are  regarded  as  &- 
vourable  omens  in  a  copper  mine. 

Detached  pebbles  of  ore,  or  fragments  of  vein-stones,  have  some- 
times led  to  the  riches  of  the  vein,  and  tin  has  especially  been  thus 
discovered  in  Cornwall. 

In  older  mineralogical  works  we  read  much  upon  these  and  other 
iubjects.  Flames  of  light  have  been  described  as  playing  over  a  dis- 
trict which  afterwards  has  been  found  to  contain  subterranean  riches, 
and  this  may  have  arisen  from  the  good  electrical  conducting  powers  of 
the  vein.  The  waters  issuing  from^e  soil  sometimes  hold  metallic 
aalts  in  solution,  and  repositories  on&e  metals  have  been  discovered 
by  circumstances  of  this  kind.  Co^^r  veins  tinge  waters  blue,  and 
a  piece  of  grease  put  into  thorn  becomes  rapidly  stained  of  that  co* 
lour. 

There  is  no  popular  notion  more  common  than  that  metals  grow  m 
the  veins  :  an  idea  which  m^  vAy  probably  have  originated  from  ob- 
serving the  depositions  of  one  metal  by  the  introduction  of  another 
into  its  solution,  as  when  silver  b  precipitated  by  the  introduction  of  a 
plate  of  copper  into  its  solution,  or  copper  by  irdb. 

3027.  Districts  rich  in  the  metals  are  generally  barren,  and  seem 
peculiarly  dreary  and  desolate  to  the  traveller.  This  partly  arises 
from  the  nature  of  the  strata  ;  partly  from  the  heaps  of  rubbish  and 
hills  of  stone  thrown  upon  the  surface  :  and  partly  from  the  operations 
carrying  on  in  the  vicinity,  being  inimical  to  vegetation.  The  high 
road  through  Cornwall,  especially  near  Redruth,  is  an  excellent  spe- 
cimen of  this  kind  of  country  ;  while,  at  the  same  time,  the  romantic 
beauty  and  luxuriant  vegetation  of  many  parts  of  that  county,  and  of 
Devonshire,  prove  that  exterior  cultivation  is  net  always  incompatible 
witli  internal  riches.  The  neighbourhood  of  the  Parys  Mountain,  in 
Anglesea,  is  singularly  marked  by  sterility  and  gloominess.  The  soil, 
naturally  unproductive,  is  rendered  more  so  by  the  poisonous  waters 
that  traverse  it,  and  the  sulphurous  vapours  that  float  around.  There 
are  not  only  no  shrubs  and  trees,  but  the  barrenness  is  unrelieved  even 
by  a  single  blade  of  grass,  or  the  rusty  green  of  a  hardy  lichen. 

3028.  I  have  hinted  above  at  the  relative  permanence  and  durability 
of  the  different  kinds  of  rocks,  and  it  has  been  found  that  the  unstrati- 
fied,  or  primary,  substances,  are  least  acted  upon  by  the  elements ; 
that  these  have  retained  their  great  and  pristine  elevation,  while  the 
secondary  strata  have  been  washed  from  their  sides  and  summits,  whose 
rugged  and  abrupt  outUne  records  this  devastation.  Evenr  one  who 
views  the  mountain  side  strewed  with  immense  blocks  of  materials 
transported  from  distant  summits,  and  discovers  the  dells  and  valleys 
filled  with  fragments  and  pebbles  of  the  neighbouring  rocks,  will  allow 
ihat  a  constant  system  of  disintegration  and  decay  is  here  carrying  on ; 
but  the  geologist,  not  content  with  the  mere  observance  of  the  fiK:t, 
vnll  endeavour  to  trace  it  to  its  source,  and  follow  it  up  to  its  altimate 
effect  '^ 
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K29.  The  change  of  temperHlitre  lo  v* hich  the  enrlb's  surface  is 
aoUysiibmiltei],  is  one  great  cuuse  of  the  slow  destruction  of  its 
solid  sod  dunibie  constiluente  ;  and  when  to  this  is  added  the  gi- 
E  power  with  which  water,  in  becoming  ice,  opposes  the  obstacles 
eipaiwion,  we  have  an  agent  nearly  resistless.  The  fissures  th.it 
r  between  the  blocks  and  masses  of  the  granites,  porphyries,  and 
_„„.jr  rocks,  become  filled  with  water,  which,  in  the  act  of  freezing, 
esuaoda  so  as  slowly  to  remove  them  from  each  other ;  their  edges 
ana  angles  become  thus  open  to'  the  uttacks  of  the  weuther,  and  by  it 
alow  dialodgement  they  fall  into  the  valleys  or  rivers,  or  EU-e  ftt  once 
cut  into  the  ocean.  Where  the  materials  are  of  n  more  yielding  and 
fran^bte  texture,  this  destruction  is  proportionally  rapid,  and  the  in- 
fluence of  the  weather  upon  slate  mountains,  is  oAensueh  as  to  pro- 
duce hills  of  fragments  at  their  feet  :  the  soUer  substance  of  the 
secondary  and  horizontal  strata  is,  of  course,  yet  more  easily  and 
quickly  dcf^aded. 

303O.  Masses  of  rock,  thus  lo^ened  from  their  original  beds,  be- 
romc  new  and  powerful  instruMp^'Of  destruction  ;  tbey  roll  down 
the  precipices,  wearing  themsefres  an^  the  surface  that  bears  them, 
and,  if  Dear  the  sea,  or  carried  thilbv'  by  rivers,  they  bcroine  "  a 
put  of  the  mighty  artillery  with  whith  the  ocean  msails  the  bulwarks 
t  the  land  ;"  they  are  impelled  gainst  the  coasts,  from  which  they 
kk  off  other  fragments  :  and  the  %'hok  thus  ground  against  each 
»r,  whatever  be  their  hardness,  are  retJuced  to  gravel  ;  the  smooth 
>  and  rounded  masses  of  which  are  convincing  proofs  of  the 
noer  in  which  it  WHs  formed. 
,  3031.  It  is  by  operations  of  this  kind,  not  performed  in  a  day,  but  in 
ft,  that  nature  has  indented  and  carved  out  the  earth's  surface  ; 
t  the  rivers  seem  to  have  cut  their  own  beds  ;  that  the  land  i«  under- 
going gradual  demobtion  ;  and  that  the  materials  which  we  have  clse- 
svhere  considered  as  consolidated  at,  and  elevated  from,  the  bottom  of 
the  ocean,  are  gradually  restoring  to  the  parent  deep.  These  are  me- 
clHnical  agents,  but  they  are  not  ontBsisted  by  the  chemical  energies  of 
matter ;  and,  io  this  respect,  the  solvent  powers  of  water  may  be  con- 
templated as  efiecting  most  importnpt  changes. — Kidd's  Etsay,p.  lEI. 

3032.  By  impregnation  with  carbonic  acid,  water  acquires  a  great 
solvent  power  over  carbonate  of  lime  (64S,)  and  in  trickling  through, 
sach  strata  becomes  saturated  with  it,  and,  on  exposure,  again  deposits 
il,  iu  consequence  of  the  escape  of  the  gaseous  solvent ;  it  is  thus  that 
tite  atalactttical  concretions  of  limestone  caverns  are  produced,  as  in 
tbe  Fluor  Mine,  and  Peak  Cavern  of  Berbygbire  ;  and,  in  many  cases. 
ibe  once  empty  chasms  are  entirely  choaked  up  by  this  sparry  de- 
posit. The  power  of  incrustation,  thus  possessed  by  some  waters,  is 
flDok  M  rapidly  to  cover  extraneous  bodies  thrown  into  them  with  a 
calcareous  coating,  of  which  tbe  petrifying  spring  of  Matlock  furnishes 
a  good  esample. 

3033.  The  sands  upon  fiat  coasts  are  sometimes  agglutinated  by  this 
action  of  water,  so  us  to  produce  a  new  rock  ;  or,  as  the  Wemerians 
would  call  it,  a  new  formation.     This  has  probably  been  the  case  with 

'  e  stone  in  which  the  gaiibi,  or  human  skeletons  of  Guadaloupe,  are 

lud  (Phil.  Trant.  IB16,)  and  the  process  is  constantly  going  on  upon 

e  coast  of  Cornwall,  in  Ihe  parish  of  St,  Columb,  where  the  water, 

f  percobted  Itie  neighbouring  rocks,  becomes  slightly  carbonated 
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and  ferruginous,  and  thus  serving  as  a  cement  to  the  sand,  produces  a 
hard  stone,  which  is  used  as  a  huilding  material,  and  for  making  cattle* 
troughs.  In  the  walls  of  some  of  the  oldest  churches  in  Cornwall,  aa 
in  St.  Burian,  Gwithian,  Crantock,  Cuhert,  4^Cm  are  large  masses  of 
this  sandstofUy  which  has  thus  long  resisted  decomposition.  When 
water  is  hot,  and  slightly  alcaline,  it  dissolves  siliceous  earth,  as  shown 
by  the  deposits  of  the  Oeysers,  or  Boiling  Fountains  of  Iceland. 

3034.  Some  rocks  suffer,  in  consej[uence  of  the  action  of  air  and 
water  upon  the  black  oxide  of  iron  which  thejr  contain,  and  which,  in 
passing  into  the  state  of  brown  oxide,  occaudns  a  crumbling  of  the 
mass.  Much  of  the  soil  upon  the  coast  of  iB&'Connty  of  Antrim,  in 
Ireland,  is  thus  derived  from  the  decomposition  of  basalt,  which,  how- 
ever, in  other  cases,  singularly  resists  chance^ai  A  Staffa,  where  the 
columns,  though  exposed  to  the  violence  of  fli^  o^ean,  retain  a  sharp 
angularity  and  black  colour.  These  differenfgs  depen^*  upon  the  de- 
gree of  induration  of  the  basalt.  t 

3036.  Rocks  containing  alcali^eoa^ften  to  decompose  rapidly,  in 
consequence  of  the  loss  of  tKat  mg]H|ent.  The  quick  disintegration 
of  much  of  the  Cornish  granitys  wiS  known,  and  it  famishes  a  valu- 
able material  for  the  manufimure  of  pottery.  The  feldspar  of  this 
granite  contains  a  considerable  poHion  of  potassa,  but  the  white  earth 
into  which  it  is  resolved  yields  no  tvac^  of  it. 

3036.  The  chemical  agei^ies  of  diflgerent  bodies  presentefl  to  each 
other  in  the  strata,  are  also  often  connected  with  the  production  of  en- 
tiro  new  substances.  Thus  the  decomposition  ^f>yrite8  in  chalk  pro- 
duces sulphate  of  lime  ;  in  aluminous  slate  it  giv%p  rise  to  the  produc- 
tion of  alum ;  and  in  the  cliffs  at  Newhaven,  oa  the  Sussex  coast,  a 
very  curious  series  of  changes  is  going  on.  A  stratum  of  marl,  con- 
taining decomposing  pyrites,  lies  upon  the  chi^  which  gives  rise  to 
the  formation  of  sulphate  of  alumina  ;  this  is  decomposed  by  the  chalk ; 
and  nluminous  earth,  selcnite,  and  oxide  of  iron,  are  the  results. 

3037.  Thus,  by  mechanical  operations  and  chemical  changes,  some- 
times separate  and  sometimes  hnftied,  the  rugged  peaks  and  abrupt 
precipices  are  gradually  wearing  and  softening  down,  and  giving  rife 
to  rounded  summits,  gentle  slopes  Jlhid  habitable  surfaces.  The  de- 
tritus so  produced  is  carried  by  rills,  and  brooks,  and  rivers  towards 
the  low  lands,  where  it  is  deposited ;  or  it  is  transported  towards  the 
sea,  where  it  forms  bars  and  islands  at  the  months  of  rivers  ;  or  it  is 
employed  in  levelling  uneven  surfaces,  and  filling  cavities  and  basins, 
as  where  the  rivers  are  broken  in  their  course  by  the  intervention  of 
lakes,  all  of  which  are  filling  up,  as  may  be  learned  even  by  hasty  in- 
spection. This  is  no  where  more  conspicuous  than  in  the  waters  which 
adorn  the  scenery  of  Westmoreland  and  Cumberland,  especially  Der- 
wcnt  Water,  at  the  Borrowdale  extremity  of  which  the  meadow  is  an- 
nually increasing,  and  adding  to  the  circumjacent  field ;  and  the  ex- 
amination of  the  bank  between  Denvent  and  Bassenthwaite,  shows 
that  the  two  lakes  were  once  united,  and  that  the  present  separa- 
tion is  alluvial  matter,  or  a  bar  thrown  up  by  the  concurrent  streams 
of  Newland's  Water,  on  the  west,  and  the  Greta  on  the  east.  The 
filling  up  of  lakes,  until  they  ultimately  become  merely  a  part  of  the 
river  that  now  traverses,  but  once  fed  them,  is  too  obvious  to  require 
further  illustration  ;  it  is  the  reason  why  the  stream,  which  has  its  exit 
from  a  lake,  is  generally  clear,  while  the  torrents  which  supply  it  are 
loaded  with  matters  in  minute  mechanical  division. 
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3036.  While  the  defltructiTe  agencies  of  the  elements  are  thus  call- 
ed iato  action  for  tho  production  and  increase  of  habitable  surface,  we 
observe  other  causes  tending  to  the  same  effect,  and  none  more  won 
derful  than  the  incessant  labours  of  those  insect  tribes  which  collect 
and  accumulate  solid  matter  from  the  ocean,  and  form  the  rocks  of 
coral  common  in  the  seas  of  warm  climates. — Kido's  Essay ^  p.  219. 

3039.  But  the  most  striking  sources  of  decay  and  reproduction,  are 
those  dependent  upon  volcanic  phsenomena. 

The  form  of  volcanic  hills  is  usually  conical,  of  whioh  the  outline  of 
the  Bay  of  Naples  prjjpents  a  fine  panorama.  One  of  its  hills  serves 
to  give  some  idea  of  t£e  vast  powers  of  the  subterranean  agents ;  it  is 
aibout  1000  feet  high,«end  three  miles'  in  circumference,  and  was  raised^ 
in  1238,  in  a  single  night*. 

3040.  In  June  181 V^  volcano  was  discovered  in  the  sea  off  St. 
Michael,  and  i^ormedPtti.island  about  a  mile  in  circumference. — Phil, 
Tfxm.,1812. 

3041.  To  describe  the  phenomena  of  volcanic  eruptions  with  all 
attending  circumstances,  woulMjf^fovtkii  to  our  present  purpose  ;  but 
as  the  same  causes  may  havej^een^aqtive  in  producing  other  geological 
phasnomena,  itbec<Anes  fight  to  mentio%the  subject. 


Until  lateljt  the  cause  •?  volc^^  fire  was  referred  to  sulphur,  coal, 
and  other  common  inflammablelKter|^  which  were  supposed  to  be 
burning  in  immense  masses  wj^in  fne  tfj^th,  and  thus  to  give  rise  to 
the  tremendous  explosions  an^feections  of  lava  and  stones  attending 
the  eruption ;  butTi^  prodpcfi  nl  aocord  with  such  an  explanation. 
Earthy,  alcaline,  mftallic,  and  stony  bodies  united,  form  the  laiva ;  and 
ateam  and  hydrogen  gas  accompany  its  throwing  forth ;  and  as  the  pro- 
ducts of  combustion  always  have  a  reference  to  the  combustible,  such 
matters  were  not  likajf  to  be  produced  from  sulphur  or  coal. 

The  discoveries  oi  Sir  H.  Davy  have  enlightened  this,  as  well  as 
every  other  branch  of  chemistry,  and  from  Uiem  we  may  deduce  a 
Tery  adequate  solution  of  the  problem  of  volcanoes,  for  we  have  only 
to  suppose  the  access  of  water  to  large  masses  of  those  peculiar  metals 
whicn  constitute  the  alcaline  and  eai^y  bases,  and  we  are  possessed  of 
all  that  is  wanted  to  produce^fce tremendous  effects  of  earthquakes  and 
Tolcanoes  ;  for  what  power  can  resist  the  expansive  force  of  steam. 
and  the  sudden  evolution  of  gaseous  fluids,  accompanied  by  torrents  of 
the  earths  in  igneous  fusion,  which  such  a  concurrence  of  circumstan- 
ces would  give  rise  to,  and  which  are  the  actual  concomitants  of  vol- 
canic eruptions  ? 

From  the  same  source  the  Huttonian  theory  derives  great  addition- 
al plausibility,  for  its  feeble  parts  were  those  which  related  to  the  re- 
quired expansive  forces,  to  the  intense  continuance  of  heat,  to  its  occa- 
aional  increase  and  decrease,  and  to  the  existence  of  a  species  of  fuel 
adequate  to  the  various  effects  that  have  been  described.  The  metals 
of  the  earths  are  equal  to  the  production  of  all  these  complicated  and 
apparently  incompatible  effects,  and  these  and  water  are  the  sole  agents 
required. 

3042.  The  principal  circumstances  that  tend  to  the  formation  oi' 
•oils,  and  to  modify  their  composition,  have  been  adverted  to  in  this 


•  See  Sir  Wn.  HanaUoa*!  Paper  in  tbe  PhiL  Trans,  for  1771. 
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Chapter ;  and,  from  the  properties  of  their  component  parts*  else* 
where  detailed,  the  means  of  analyzii^^  them  are  to  he  deduced  ;  hut 
as  this  is  a  suhject  upon  which  the  agriculturist  may  sometimes  find  it 
expedient  to  eipplov  himself,  I  insert  the  following  popular  instructions 
upon  it,  from  Sir  H.  Davy's  Elemenii  of  Agrieidtmral  C^mutry: 

^<  In  cases  when  the  general  nature  of  the  soil  of  a  field  is  to  be  as- 
certained, specimens  of  it  should  be  taken  from  different  places,  two  or 
three  inches  below  the  surfiice,  and  examined  as  to  the  similarity  of 
their  properties.  It  sometimes  happens,  that  upon  plains  the  whole  of 
the  upper  stratum  of  the  land  is  of  the  same  kind,  and,  in  this  case, 
one  analysis  will  be  sufficient ;  but  in  valleys,  and  near  the  beds  of 
rivers,  there  are  very  great  differences ;  and  it  now  and  then  occurs 
that  one  part  of  a  field  is  calcareous,  and  another  part  siliceous  ;  and 
in  this  case,  and  in  analogous  cases,  the  portions  different  from  each 
other  should  be  separately  submitt^  to  experiment 

<^  Soils,  when  collected,  if  they  cannot  be  immediately  examined, 
should  be  preserved  in  pbials  ouite  filled  with  theii»  and  doaed  with 
ground-g^ass  stoppers.  ^      Jt^"^^ 

**  The  quantity  of  soil  most  convepnt  for  a  perfect  wudysis,  k 
from  200  to  400  grains.  Ittthould  be  collected  in  dry  weather,  and 
exposed  to  the  atmosphere  till  it  h|M>mes  dij  to  the  touch. 


*'  The  specific  gravity  of  aso)|/1lr  the  relation  of  its  weigjit  to  that 
of  water,  may  be  ascertain%|Vy  introducing  into  a  phial  which  will  con- 
tain a  known  quantity  of  water,  e|!|ji  volumes  of  water  and  of  soil, 
and  this  may  be  easily  done  by  pounng  in  waten  till  it  is  half  full,  aad 
then  adding  the  soil  till  the  fluid  rises  to  the  moutfar;  the  difference  be- 
tween the  weight  of  the  soil  and  that  of  the  water  will  give  the  result 
Thus,  if  the  little  contains  400  grains  of  water,  andgains  SCO  grains 
when  half  filled  with  water  and  half  with  soil,|^e  specific  gravity  of 
the  soil  will  be  2,  that  is,  it  will  be  twice  as  heavy  as  water  ;  and  if  it 
gained  165  grains,  its  specific  gravity  would  be  1.826,  water  beio; 
1.000. 

^*'  It  is  of  importance  that  the  specific  gravity  of  a  soil  should  he  known, 
as  it  affords  an  indication  of  the  quantity  ^f  animal  and  v^etable  mat- 
ter it  contains ;  these  substances  being  alf^ys  most  abundant  in  the  light* 
er  soils. 

**  The  other  physical  properties  of  soils  should  likewise  be  examin- 
ed before  the  analysis  is  made,  as  they  denote,  to  a  certain  extent,  their 
composition,  and  serve  as  guides  in  directing  the  experiments.  Thus, 
siliceous  soils  are  generally  rough  to  the  touch,  and  scratch  glass  when 
rubbed  upon  it :  ferruginous  soils  are  of  a  red  or  yellow  colour ;  and 
calcareous  soils  are  soil. 

<M.  Soils,  though  as  dry  as  they  can  be  made  by  continued  expo- 
sure to  air,  in  all  cases  still  contain  a  considerable  quantity  of  water, 
which  adheres  with  great  obstinacy  to  the  earths  and  animal  and  vege- 
table matter,  and  can  only  be  driven  off  from  them  by  a  considerable 
degree  of  heat.  The  first  process  of  analysis  is,  to  free  the  given 
weight  of  soil  from  as  much  of  this  water  as  possible,  without,  in  other 
respects,  affecting  its  composition  ;  and  this  may  be  done  by  heating  it 
for  ten  or  twelve  minutes  over  an  Argand's  lamp,  in  a  basin  of  porce- 
lain, to  a  temperature  equal  to  300  Fahrenheit ;  and  if  a  thermometer 
is  not  used,  the  proper  degree  may  he  easily  ascertained  by  keeping 
a  piece  of  wood  in  contact  with  the  bottom  of  the  dish  ;  as  long  as  the 
colour  of  the  wood  remains  unaltered,  the  beat  is  not  too  high ;  but 
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irhen  the  wood  begins  to  be  charred,  the  process  must  be  stopped.  A 
small  quantity  of  water  will  perhaps  remain  in  the  soil  even  aAer  ih'iA 
operation,  but  it  always  afiford!)  useful  comparative  results  ;  and  if  a 
higher  temperature  were  employed,  the  vegetable  or  aniouil  matter 
would  undergo  decompo:sition,  and,  in  consequence,  the  experiment  bo 
wholly  unsatisfactory. 

**  The  loss  of  weight  in  the  process  should  be  carefully  noted,  and 
when  in  400  grains  of  soil  it  reaches  as  high  as  50,  the  soil  may  be 
considered  as  in  the  greatest  degree  absorbent,  and  retentive  of  water, 
and  will  generally  be  found  to  contain  much  vegetable  or  animal  matter, 
or  a  large  proportion  of  aluminous  earth.  Wlien  the  loss  is  only  from 
20  to  10,  the  land  may  be  considered  as  only  slightly  absorbent  and 
retentive,  and  siliceous  earth  probably  forms  the  greatest  part  of  it. 

"  2.  None  of  the  loose  stones,  gravel,  or  large  vegetable  fibres  shouhl 
be  divided  from*  the  pure  soil  till  af\er  the  water  is  drawn  ofif :  fur  these 
bodies  are  themselves  often  highly  absorbent  and  retentive,  and,  in 
consequence,  influence  the  fertility  of  the  land.  The  next  procesa, 
however,  after  that  of  heating^shonldjbe  their  separation,  which  may 
be  easily  accomplished  by  the^reye,  aftA*  the  soil  has  been  gently  bruis- 
ed in  a  mortar.  The  weights^  of  the  v|^etable  fibres,  or  wood,  and 
of  the  gravel  and  stones,  should  be  separately  noted  down,  and  the  na- 
ture of  the  last  ascertained  ;  if  calcareous,  they  will  efl'ervesce  witli 
acids  ;  if  siliceous,  they  will  be  sumciently  hard  to  scratch  glass  ;  and 
if  of  the  common  aluminous  class  of  stohte,  they  will  be.  soft,  easily 
cut  with  a  knife,  and  incapable  of  effervescing  with  acids. 

**  3.  The  greater  number  of  soils,  besides  gravel  and  stones,  con- 
lain  larger  or  smaller  proportions  of  sand,  of  difierent  degrees  of  fine- 
ness :  and  it  is  a  necessary  operation,  the  next  in  the  process  of  ana- 
lysis, to  detach  them  from  the  parts  in  a  state  of  more  minute  division, 
such  SIS  clay,  loam,  ntirl,  vegetable  and  animal  matter,  and  the  matter 
soluble  in  water.  This  may  be  effected  in  a  way  sufficiently  accurate, 
by  boiling  the  soil  in  three  or  four  times  its  weight  of  water  ;  and 
when  the  texture  of  the  soil  is  broken  down,  and  the  water  cool,  1)y 
agitating  the  parts  together,  and  then  sufTering  them  to  rest.  In  this 
case,^he  coarse  sand  will  generally  separate  in  a  minute,  and  the  fmer 
in  two  or  three  minutes,  whilst  the  highly -divided  earthy,  animal,  or 
vegetiible  matter  will  remain  in  a  state  of  mechanical  suspension  for  a 
much  longer  time  ;  so  that,  by  pouring  the  water  from  the  bottom  of 
the  vessel,  after  one,  two^  or  three  minutes,  the  sand  will  be  principal- 
ly separated  from  the  other  substances,  which,  with  the  water  contain- 
ing them,  must  be  poured  into  a  filter,  and,  afler  the  water  has  passed 
through,  collected,  dried,  and  weighed.  The  sand  must  likewise  be 
weighed,  and  the  respective  quantities  noted  down.  The  water  of  lixi- 
viation  must  be  preserved,  as  it  will  be  found  to  contain  the  Sidinc  and 
soluble  animsd  or  vegetable  matters,  if  any  exist  in  the  ^oil. 

•*  4.  By  the  process  of  washing  and  filtration,  the  soil  is  separated 
into  two  portions,  the  most  imporUmt  of  which  is  generally  the  finely- 
divided  mutter.  A  minute  analysis  of  the  sand  is  seldom  or  never  ne- 
cessary, and  its  nature  nKiy  be  detected  in  the  same  manner  as  that  of 
the  stones  or  gravel.  It  is  always  either  siliceous  sand,  or  calcareous 
sand,  or  a  mixture  of  both.  If  it  consist  wholly  of  carbonate  of  limo, 
it  will  be  rapidly  soluble  in  muriatic  acid,  with  effervescence ;  but  if  it 

consist  partly  of  this  substance,  and  partly  of  siliceous  matter,  the  res- 
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pective  quantities  may  be  ascertained  by  weighing  the  fesidanm  after 
the  action  of  the  acid,  which  must  be  applied  till  the  mixtnre  has  ac- 

auired  a  sour  taste»  and  has  ceased  to  effervesce.  This  residaum  is 
le  siliceous  part ;  it  must  he  washed,  dried,  and  heated  stron^y  in  a 
crucible  ;  the  difference  between  the  wei|^t  of  it,  and  the  weig^  of 
the  whole,  indicates  the  proportion  of  calcareous  sand. 

**  5.  The  finely-divided  matter  of  the  soil  is  usually  very  compound 
in  its  nature  ;  it  sometimes  contains  all  the  four  primitive  earths  of 
soils,  as  well  as  animal  and  ve^table  matter ;  and  to  ascertain  the  pro- 
portion of  these  with  tolerable  accuracy,  is  the  most  difficult  part  of 
the  subject. 

*'  The  first  process  to  be  performed,  in  this  part  of  the  analysis,  is 
the  exposure  of  the  fine  matter  of  the  soil  to  the  action  of  muiiatic 
acid.  This  substance  should  be  poured  upon  the  earthy  matter  in  an 
evaporating  basin,  in  a  quantity  equal  to  twice  the  weight  of  the  earthy 
matter ;  but  diluted  with  double  its  volume  of  water.  The  mixture 
should  he  often  stirred,  and  suffered  to  remain  for  an  hour,  or  an  hour 
and  a  half,  before  it  is  examined. 

**  If  any  carbonate  of  lime  cfr  of  magnesia  exist  in  the  soil,  they  will 
have  been  dissolved  in  this  fime  by  the  acid,  which  sometimes  takes 
up  likewise  a  little  oxide  of  iron ;  but  very  seldom  any  alumina. 

**  The  fluid  should  be  passed  thsQugh  a  filter ;  the  solid  matter  col- 
lected, washed  with  rain-water,  dried  at  a  moderate  heat,  and  weighed. 
Its  loss  will  denote  the  quantity  of  solid  matter  taken  up.  The  wash- 
ings must  be  added  to  the  solution,  which,  if  not  sour  to  the  taste,  must 
be  made  so  by  the  addition  of  fresh  acid,  when  a  little  solution  of 
prussiate  of  potassa  and  iron  must  be  mixed  with  the  whole.  If  a  blue 
precipitate  occurs,  it  denotes  the  presence  of  oxide  of  iron,  and  the 
solution  of  the  prussiate  must  be  dropped  in  till  no  farther  effect  is 
produced.  To  ascertain  its  quantity,  it  must  be  collected  in  the  same 
manner  as  other  solid  precipitates,  and  heated  red ;  the  result  is  oxide 
of  iron,  which  may  be  mixed  with  a  little  oxide  of  manganese. 

**  Into  the  fluid  freed  from  oxide  of  iron,  a  solution  of  neutralized 
carbonate  of  potash  must  be  poured  till  all  effervescence  ceases  in  it, 
and  till  its  taste  and  smell  indicate  a  considerable  excess  of  alf  ahne 
salt. 

**  The  precipitate  that  falls  down  is  carbonate  of  lime,  it  must  be 
collected  on  the  filter,  and  dried  at  a  heat  below  that  of  redness. 

'*  The  remaining  fluid  must  be  boiled  for  a  quarter  of  an  hour,  when 
the  magnesia,  if  any  exist,  will  be  precipitated  from  it,  combined  with 
carbonic  acid,  and  its  quantity  is  to  be  ascertained  in  the  same  manner 
as  that  of  the  carbonate  of  lime. 

*'  If  any  minute  proportion  of  alumina  should,  from  pccuUar  cir- 
cumstances, be  dissolved  by  the  acid,  it  will  be  found  in  the  precipitate 
with  the  carbonate  of  lime,  and  it  may  be  separated  from  it  by  boiling 
it  for  a  few  minutes  with  soap  lye,  sufficient  to  cover  the  solid  matter ; 
this  substance  dissolves  alumina,  without  acting  upon  carbonate  of  lime. 

''  Should  the  finely -divided  soil  be  sufficiently  calcareous  to  effer- 
vesce very  strongly  with  acids,  a  very  simple  method  may  be  adopted 
for  ascertaining  the  quantity  of  carbonate  of  lime,  and  one  sufficiently 
accurate  in  all  common  cases. 

^'  Carbonate  of  lime,  in  all  its  states,  contains  a  determinate  propor- 
tion of  carbonic  acid,  t.  e.,  nearly  43  per  unt.^  so  that  when  the  quaa-, 
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r  of  Ihia  elastic  fluid,  given  out  by  any  soil  during  the  Rotation  of  its 
Icareoua  matter  iu  an  acid  is  knon-n,  either  in  weight  or  measure,  the 
ntity  of  carbonate  of  lime  may  be  eiisily  discovered. 
'  When  the  process  by  dimiautioD  of  weight  ia  employed,  two  parts 
the  acid  and  one  part  of  the  matter  of  the  soil  niu»t  be  weighed  in 
9  separate  bottles,  and  very  slowly  mixod  together  till  the  efferves- 
ice  ceases ;  the  difference  between  their  weight  before  and  afler 
fe  experiment,  denotes  the  quantity  of  carbonic  acid  lost ;  for  every 
r  grains  and  a  quarter  of  which,  10  grains  of  carbonute  of  lime 
t  be  estimated. 

6.  After  the  calcareous  parts  of  the  soil  have  been  acted  upon  by 
iatic  acid,  the  next  process  b  to  ascertain  the  quantity  of  finely- 

d  insoluble  animal  and  vegetable  matter  that  it  contsiins. 
'  This  may  be  done  with  sufficient  precision,  by  strongly  igniting  it 
io  a  crucible  over  a  common  fire  till  no  blackness  remains  in  the  mass. 
It  should  be  often  BtirreiJ  with  a  metallic  rod,  »a  a>  lo  expose  new  aur- 
feces  continually  to  the  air  ;  tiie  loss  of  weight  that  it  undergoes  de- 
notes the  quuntity  of  the  substance  that  it  contains  destructible  by  hr« 
and  nir. 

'•  It  is  not  possible,  without  very  refined  and  difficult  csperimenls, 
to  nscertnm  whether  this  substance  is  wholly  animal  or  vegetable  mat- 
ter, or  a  mixture  of  both.  When  the  smell  emitted  during  the  inci- 
neration is  similar  to  that  of  burnt  feathers,  it  is  a  certain  indication  of 
•ome  substance  either  animal  or  analogous  to  animal  matter ;  and  a  co- 
pious blue  flame  at  the  time  of  ignition,  almost  always  denotesa  consi- 
derable proportion  of  vegetable  matter,  in  cases  when  it  is  necessary 
that  the  eiperiment  should  be  very  quickly  performed,  the  destruction 
ef  the  decomposable  substances  may  be  assisted  by  the  agency  of  m- 
Irate  of  ammonia,  which  at  the  time  of  ignition  may  be  thrown  gradu- 
ally upon  the  heated  moss  in  the  quantity  of  SO  grains  for  every  hun- 
dred of  residual  soil.  It  accelerates  the  dissipation  of  Ibe  animal  and 
vegetable  matter,  which  it  causes  to  be  converted  into  elastic  fluids  ; 
and  it  is  itself  at  the  same  time  decomposed  and  lost. 

"  7.  The  substances  remaining  after  the  destruction  of  the  vegeta- 
ble and  animal  matter,  are  generally  minute  particles  of  earthy  matter, 
containing  u^^ually  alumina  and  silica,  with  combined  oxide  of  iron  or 
of  manganese. 

"  To  separate  these  from  each  other,  the  solid  matter  should  he 
boiled  for  two  or  three  hours  with  sulphuric  acid,  diluted  with  four 
times  its  weight  of  water ;  the  quantity  of  the  acid  should  be  regulat- 
ed by  the  quantity  of  solid  residuum  to  be  acted  on,  allowing  for  every 
hundred  grains  two  drachms,  or  120  grains,  of  acid  : 

'■  The  substance  remaining  after  the  action  of  the  acid,  may  be  con- 
sidered as  siliceous  :  and  it  must  be  separated  and  il3  weight  ascertain- 
ed, ufter  washing  and  drying  in  the  u-<ual  manner. 

■*  The  ulumina,  and  the  oside  of  iron  and  manganesum,  if  any  exist, 

an  nil  dissolved  by  the  sulphuric  acid  -,  they  may  be  separated  by 

^*''M:inale  of  ammonia,  added  to  excess,  which  throws  down  the  oxide 

n  ;  and  by  soap  lye,  which  will  dissolve  the  alumina,  but  not  the 

Ue  of  manganese  :  the  weights  of  the  oxides  ascertiined  after  thej 

'  e  been  heated  lo  redness  will  denote  (heir  quantities. 

*  Should  any  magnesia  and  lime  have  escaped  solution  in  the  muri- 

eacid,  Ihey  wilt  be  found  m  the  tulphari^c  acid;  this,  however,  is 


r.irrly  the  cai^fl ;  l>ut  the  process  f<tr  d«t»:ltug  ihem,  and  at< 
lt)«ir  ijunntilien,  ia  llie  itnme  in  both  innUncen. 

"  The  method  of  nnalyats  by  sulphuric  acid,  is  TOffi<'i> -■' 
(>>r  all  usual  ejiiierimenl*  ;  but  if  very  gret  accurw:^  i 
dry  carbonate  of  potassa  must  !>«  employed  as  the  agrni 
iluum  of  the  inf.tnorjtion  (S)  mopt  be  healed  red  for  »  h  > 
Tiur  times  ils  weight  of  this  eubatanee,  in  a  crucible  t)i' 
well  bflked  jiorcpfam.     The  mass  obUined  must  be  dies' 
fttic  arid,  and  the  solutioo  evaporated  (ill  i(  is  n«arly  -.  i 
water  mii*l  then  be  added,  by  which  Ihe  oxide  of  iron 
Furtlis,  <^xcept  silica,  will  be  dissolved  in  rombinntion  as  muh^ 
Nilica,  af\er  the  usual  process  of  liuvinlion,  must  be  hmied 
ulher  subslance^  may  be  separated  in  the  same  manner  as  froi 
riatic  and  sulphuric  solulione. 

"  Thia  process  i»  the  one  usually  employed  by  cb<nucal  jd 
fur  the  analysis  of  etonrs.  ^1 

"  8.  If  any  saline  matter,  or  soluble  regelable  or  nnilfl 
inspected  in  the  soil,  it  will  be  found  in  the  water  of  ludfl 
for  separating  the  sand. 

"  This  water  must  be  evaporated  to  dryness  in  a  proper 
heal  below  its  boiling  point. 

"  If  the  bolid  matter  obtained  U  of  a  brown  colour  nml  l 
it  ni'iy  be  considered  as  partly  vegetable  extrucl.  If  il- 
eiposed  to  heat,  be  like  that  of  burnt  feathers,  it  com.  i 
idbumiaous  matter;  if  it  be  while,  cryHtalhue,  and  not  il< 
hent,  il  may  be  considered  as  principally  saline  mutter. 

"  0.  Should  sniphate  or  phosplute  of  lime  be  euspeclfj'l  . 
soil,  Uie  detection  of  them  requires  a  particular  procr^  ■ 
given  weight  of  it,  for  instance,  4i>0  grains,  mustbcheatt*:.- 
un  hour  in  a  crucible,  mixed  with  oue-third  nf  potvderett 
I'he  mixture  must  be  boiled  for  n  c|u»rter  of  an  hour,  in  a  bi 
water,  and  the  fluid  collected  through  Ihe  iiller,  nnd  exptwed 
days  to  the  atmosphere  in  an  open  vessel.  If  any  notable  qi 
sulphate  of  lime  (g}'psum)  exioted  in  the  soil,  n  while  predfi 
gradually  form  io  the  fluid,  and  the  weight  of  it  fiiU  todtcaU 

■■  ['hosphnte  of  lime,  if  any  esi^t,  may  be  -(■)■ 
nficr  the  process  for  gypsum.  Muriatic  acidmu-; 
soil,  in  i|iiaulily  more  than  fiufficieiil  to  saturate-  tL. 
snlulion  must  be  evaporated,  and  water  poured  uj 
This  fluid  will  dissolve  the  compouoda  uf  eiirlh*  wiih  the  luurj 
:Uid  leave  the  pho<ipli»tc  of  lime  uiitoucbpd. 

"  Il  would  not  full  within  the  limits  assigned  to  tlii^  Lochmi 
any  proiresses  for  the  detection  or^ubflaiices  which  may  b«j| 
mixed  wilh  the  mnttert  of  soils.  Other  earths  and  a  '  '"^ 
now  and  then  found  in  them,  but  in  ({naiilities  too  n 
relation  to  ferlilily  or  barrennrss,  and  the  search  for  theft, 
the  aiialy«is  murh  more  rompltriited  without  n-nderii^  i(4 

"  to.  When  the  exuminatiun   of  a  soil  is  compti;ted,  I 
tilKXild  he  nnmeriinilly  arranfced,  and  tbcir  <|iinntiltea  ■  " 
ami  if  they  nearly  cqunl  the  original  quantity  of  soil,  li 
be  conwdcrci)  as  Hccumlc.     Il  must,  howeTer,  bn  n«lL 
pltosphnte  sr  sulpliate  uf  lime  are  discovcTCil  by  Ibe  in^ 
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cess  just  described  (9),  a  correction  must  be  made  for  the  general  pro- 
cess, by  subtracting  a  sum  equal  to  their  weight  from  the  quantity  of 
carbonate  of  lime,  obtained  by  precipitation  from  the  muriatic  acid. 

*'  In  arranging  the  products,  the  form  should  be  in  the  order  of  the 
experiments  by  which  they  were  procured. 

*<  Thus,  I  obtained  from  400  grains  of  a  good  siliceous  sandy  soil, 
from  a  hop  garden  near  Tunbridge,  Kent, 

Onins. 

Of  water  of  absorption 19 

— -  loose  stones  and  gravel  principally  siliceous 53 

—  undecompounded  vegetable  fibres 14 

—  fine  siliceous  sand • 212 

Of  minutely  divided  matter  separated  by  agitation  and  fil- 
tration, and  consisting  of 

Carbonate  of  lime 19 

Carbonate  of  magnesia 3 

Matter  destructible  by  heat,  principally  vegetable     ..15 

Silica  .  .  .  .  : 21 

Alumina 13 

Oxide  of  iron 5 

Soluble  matter,  principally  common  salt  and  vegetable 

extract •     3 

Gypsum 2 

—  «1 

Amount  of  all  the  products 379 

Loss 21 

**  The  loss  in  this  analysis  is  not  more  than  usually  occurs,  and  it  de- 
pends upon  the  impossibility  of  collecting  the  whole  quantities  of  the 
difierent  precipitates ;  and  upon  the  presence  of  more  moisture  than 
is  accounted  for  in  the  water  of  absorption,  and  which  is  lost  in  the  dif- 
ferent processes. 

^'  When  the  experimenter  is  become  acquainted  with  the  &se  of  the 
difierent  instruments,  the  properties  of  the  re-agents,  and  the  relations 
between  the  external  and  chemical  qualities  of  soils,  he  will  seldom 
find  it  necessary  to  perform,  in  any  one  case,  all  the  processes  that  have 
been  described.  When  his  soil,  for  instance,  contains  no  notable  pro- 
portion of  calcareous  matter,  the  action  of  the  muriatic  acid  (7)  may  be 
omitted.  In  examining  peat  soils,  he  will  principally  have  to  attend  to 
the  operation  by  fire  and  air  (8)  ;  and  in  the  analysis  of  chalks  and 
loams,  he  will  often  be  able  to  omit  the  experiment  by  sulphuric  acid 

*'  In  the  first  trials  that  are  made  by  persons  unacquainted  with 
chembtry,  they  must  not  expect  much  precision  of  result.  Many  dif- 
ficulties will  be  met  with  :  but  in  overcoming  them,  the  most  useful 
kind  of  practical  knowledge  will  be  obtained ;  and  nothing  is  so  in- 
structive in  experimental  science,  as  the  detection  of  mistakes.  The 
correct  analyst  ought  to  be  well  grounded  in  general  chemical  informa- 
tion ;  but,  perhaps,  there  is  no  better  mode  of  gaining  it,  than  that  of 
attempting  original  investigations.  In  pursuing  his  experiments,  he 
will  be  continually  obliged  to  learn  the  properties  of  the  substances  he 
is  employing  or  acting  upoa  ;  and  bis  theoretical  ideas  will  be  more  rar 
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hiable  in  beii^  conoected  with  practical  operttioMy  and  acquired  fer 
the  purpose  of  diicoTcry. 

**  Planta  being  possessed  of  no  locomotiTe  powers,  can  grow  only  in 
places  where  thej  are  supplied  with  fiiod ;  and  the  soil  is  necessary  to 
their  existence,  both  as  affording  them  ndurishment,and  enabling  them  to 
fix  themselves  in  such  a  manner  as  to  obey  those  mechanical  laws  by 
which  their  radicles  are  kept  below  the  surface,  and  their  leares  ex- 

Ksed  to  the  free  atmosphere.  As  the  systems  of  roots,  branches,  and 
ives,  are  very  different  in  different  vegetables,  so  they  flourish  most 
in  different  soils  ;  the  plants  that  have  bulbous  roots  require  a  looker 
and  a  lighter  soil  than  such  as  have  fibrous  roots ;  and  the  plants  pos- 
sessing only  short  fibrous  radicles  demand  a  firmer  soil  than  such  as 
have  tap  roots,  or  extensive  lateral  roots. 

<*  A  good  turnip  soil  from  Holkham,  Norfolk,  afforded  me  eight  parts 
out  of  nine  siliceous  sand  ;  and  the  finely-divided  matter  consisted 

Of  carbonate  of  lime 63 

—  silica •     •     •  16 

—  alumina 11 

—  oxide  of  iron 3 

—  vegetable  and  saline  matter 6 

—  moisture 3 

**  I  found  the  soil  taken  from  a  field  at  8he£Seld-*place,  in  Sussex,  re- 
markable for  producing  flourishing  oaks,  to  consist  of  six  parts  of  sand, 
and  one  part  of  clay  and  finely-divided  matter.  And  100  parts  of  the 
entire  soil,  submitted  to  analysis,  produced. 

Parts. 

Sihca 54 

Alumina 28 

Carbonate  of  lime 3 

Oxide  of  iron 5 

Decomposing  vegetable  matter      .     •     .  4 

Moisture  and  loss 3 

■ 

"  An  excellent  wheat  soil,  from  the  neighbourhood  of  West  Dray- 
ton, Middlesex,  gave  three  parts  in  five  of  siliceous  sand  ;  and  the  fine* 
Iv-divided  matter  consisted  of 

Carbonate  of  lima 28 

Silica 32 

Alumina 29 

Animal  or  vegetable  matter  and  moisture  1 1 

*•  Of  these  soils  the  last  was  by  far  the  most,  and  the  first  the  least, 
coherent  in  texture.  In  all  cases  the  constituent  parts  of  the  soil 
which  give  tenacity  and  coherence  are  the  finely-divided  matters  ;  and 
they  possess  the  power  of  giving  those  qualities  in  the  highest  degree 
when  they  contain  much  alumina.  A  small  quantity  of  finely-divided 
matter  is  sufficient  to  fit  a  soil  for  the  production  of  turnips  and  barley ; 
and  I  have  seen  a  tolerable  crop  of  turnips  on  a  soil  containing  1 1  parts 
out  of  12  sand.  A  much  greater  proportion  of  sand,  however,  alwavs 
produces  absolute  sterility.  The  soil  of  Bagshot  heath,  which  is  en- 
tirely devoid  of  vegetable  covering,  contains  less  than  ^  of  finely-di- 
vided matter.  400  parts  of  it,  which  had  been  heated  red,  afforded 
me  380  parts  of  coarse  sihceous  sand,  nine  parts  of  fine  tiUcoovs  sand, 


TMrBIUTU&B  or  TBE  80IL.  622 

and  1 1  parti  of  impalpable  matter,  which  was  a  mixture  of  fermginom 
clay,  with  carbomite  of  lime.  Vegetable  or  animal  matters,  when  fine- 
Ij-divided,  not  only  give  coherence,  but  likewise  softness  and  penetra- 
bility ;  but  neither  Uiey  nor  any  other  part  of  the  soil  must  be  in  too 
great  proportion  ;  and  a  soil  is  unproductive  if  it  consist  entirely  of 
impahpable  nuitters. 

**  rare  alumina  or  silica,  pure  carbonate  of  lime,  or  carbonate  of 
magnesia,  are  incapable  of  supporting  healthy  vegetation. 

**  No  soil  is  fertile  that  contains  as  much  as  19  parts  out  of  20  of  any 
•f  the  constituents  that  have  been  mentioned. 

**  It  will  be  asked,  are  the  pure  earths  in  the  soil  merely  active  as 
mechanical  or  indirect  chemical  agents,  or  do  they  actually  afford  food 
to  the  plant  ?  This  is  an  important  question  ;  and  not  difficult  of  solu- 
tion. 

**  The  earths  consist,  as  I  have  before  stated,  of  metals  united  to  ox- 
ygen ;  and  these  metals  have  not  been  decomposed  ;  there  is  couse- 
quently  no  reason  to  suppose  that  the  earths  are  convertible  iuto  the 
elements  of  organized  compounds,  into  carbon,  hydrogen,  and  azote. 

''  Plants  have  been  made  to  grow  in  given  quantities  of  earth. 
They  consume  very  small  portions  only ;  and  what  is  lost  may  be 
accounted  for  by  the  quantities  found  in  their  ashes  ;  that  is  to  say,  it 
has  not  been  converted  into  any  new  products. 

'*  The  carbonic  acid  united  to  lime  or  magnesia,  if  any  stronger 
acid  happens  to  be  formed  in  the  soil  during  the  fermentation  of  vege- 
table matter  which  will  disengage  it  from  the  earths,  may  be  decompos- 
ed ;  but  the  earths  themselves  cannot  be  supposed  convertible  into 
other  substances,  by  any  process  taking  place  in  the  soil. 

*^  In  all  cases  the  ashes  of  plants  contain  some  of  the  earths  of  the 
soil  in  which  they  grow  ;  but  these  earths,  as  may  be  seen  from  the 
table  of  the  ashes  afforded  by  different  plants  given  in  the  last  Lec- 
ture*, never  equal  more  than  ^^  of  the  weight  of  the  plant  consumed. 

*Mf  they  be  considered  as  necessary  to  the  vegetable,  it  is  as  giving 
hardness  and  firmness  to  its  organization.  Thus,  it  has  been  mention- 
ed that  wheat,  oats,  and  many  of  the  hollow  grasses,  have  an  epiderm- 
is principally  of  siliceous  earth  ;  the  use  of  which  seems  to  be  to 
strengthen  them,  and  defend  them  from  the  attacks  of  insects  and  pa- 
rasitical plants. 

^'  Many  soils  are  popularly  distinguished  as  cold ;  and  the  distinction, 
though  at  first  view  it  may  appear  to  be  founded  on  prejudice,  is  really 
just. 

*'  Some  soils  are  much  more  heated  by  the  rays  of  the  sun,  all  other 
circumstances  being  equal,  than  others  ;  and  soils  brought  to  the  same 
degree  of  heat  cool  in  different  times,  t.  e.  some  cool  much  faster  than 
others. 

*'  This  property  has  been  very  little  attended  to  in  a  philosophical 
point  of  view  ;  yet  it  is  of  the  highest  importance  in  agriculture.  In 
general,  soib  that  consist  principally  of  a  stiff  white  clay  are  difficultly 
heated ;  and  being  usually  very  moist  they  retain  their  heat  only  for  a 
short  time.  Chalki  are  similar  in  one  respect,  that  they  are  difficultly 
heated ;  but  being  drier  they  retain  their  heat  longer,  less  being 
consumed  in  causing  the  evaporation  of  their  moisture. 

•  See  Sir  Honpluy  Dvtj'b  Eltmnts  ^  Agnevihurml  Chmittry,  4lo.,  p.  102.- 
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('  A  black  soil,  containing  much  soft  vegetable  m^itter,  is  most  beated 
by  the  sun  and  air ;  and  the  coloured  soils,  and  the  soils  containing 
much  carbonaceous  matter,  or  ferruginous  matter,  exposed  under 
equal  circumstances  to  sun,  acquire  a  much  higher  temperature  than 
pale-coloured  soils. 

"  When  soils  are  perfectly  dry,  those  that  most  readily  become 
heated  by  the  solar  rays  likewise  cool  most  rapidly ;  but  I  have  ascer- 
tained by  experiment,  that  the  darkest-coloured  dry  soil  (that  which 
contains  abundance  of  animal  or  vegetable  matter,  sabstauces  which 
most  facilitate  the  diminution  of  temperature,)  when  heated  to  the 
same  degree,  provided  it  be  within  the  common  limits  of  the  effect  of 
solar  heat,  will  cool  more  slowly  than  a  wet  pale  soil  entirely  composed 
of  earthy  matter. 

*•*  I  found  that  a  rich  black  mould,  which  contained  nearly  }  of  ve- 
getable matter,  had  its  temperature  increased  in  an  hour  from  65^  to 
88*'  by  exposure  to  sunshine  ;  whilst  a  chalk  soil  was  heated  only  to 
09^  under  the  same  circumstances.  But  the  mould,  removed  into  the 
shade,  where  the  temperature  was  62®,  lost,  in  half  an  hour,  15* ; 
whereas  the  chalk,  under  the  same  circumstances,  h^^  lost  only  4*'. 

"  Brown  fertile  soil,  and  a  cold  barren  clay  were  each  artificially 
heated  to  88**,  having  been  previously  dried  ;  they  were  then  exposed 
in  a  temperature  of  51** ;  in  half  an  hour  the  dark  soil  was  found  to 
have  lost  9*>  of  heat ;  the  clay  had  lost  only  6*».  An  equal  portion  of 
the  clay  containing  moisture,  after  being  heated  to  88^,  was  exposed  in 
a  temperature  of  55®  ;  in  less  than  a  quarter  of  an  hour  it  was  found 
to  have  gained  the  temperature  of  the  room.  The  soils  in  all  these 
experiments  were  placed  in  small  tin-plate  trays,  two  inches  square  and 
half  an  inch  in  depth ;  and  the  temperature  ascertained  by  a  delicate 
thermometer. 

"  Nothirg  can  be  more  evident,  than  that  the  genial  heat  of  tlic  soil, 
particularly  in  spring,  must  be  of  the  highest  importance  to  the  rising 
plant.  And  when  the  leaves  are  fully  developed,  the  ground  is  shad- 
ed ;  and  any  injurious  intlucnce,  which  in  the  summer  might^be  ex- 
pected from  too  great  a  heat,  entirely  prevented  :  so  that  the  temi>era- 
turc*  of  tlio  surfiice,  when  bare  and  exposed  to  the  rays  of  the  sun, 
affords  at  least  on(!  indic.-.tion  of  the  degrees  of  its  fertility ;  and  the 
thermometer  may  be  sometimes  a  useful  instrument  to  thepurchasicr 
or  improver  of  lands. 

**  The  moisture  in  the  soil  influences  its  temperature  ;  and  the 
manner  it  wiiich  it  is  distributed  through,  or  combined  with,  the  ear- 
thy materials,  is  of  j:;rcat  importance  in  relation  to  the  nutriment  of  the 
plant.  If  water  is  too  strongly  attracted  by  the  earths,  it  will  not  be 
absorbed  by  tlie  roots  of  the  plants ;  if  it  is  in  too  great  quantity,  or 
too  loosely  united  to  them,  it  tends  to  injure  or  destroy  the  fibrous 
by  parts  of  the  roots. 

*'  There  are  two  states  in  which  water  seems  to  exist  in  the  earths, 
and  in  animal  und  vegetable  substances  ;  in  (he  first  state  it  is  united 
chemical,  in  the  other  by  cohesive,  attraction. 

**  If  pure  solution  of  ammonia  or  potassa  be  poured  into  n  solution 
of  alum,  alumina  falls  down  combined  with  water  ;  and  the  powder  dried 
by  exposure  to  air  will  afford  more  than  half  its  weight  of  water  by 
distillation  ;  in  this  instnnrc  the  water  is  united  by  chemical  attraction. 
The  moisture  which  wood,  or  muscular  fibre,  or  gum,  that  have  been 
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heated  to  218»,  afford  by  distillation  at  a  red  heat,  is  likewise  water, 
the  elements  of  which  were  united  in  the  substance  by  chemical  com- 
bination. 

'*  When  pipc'clay,  dried  at  the  temperature  of  the  atmosphere,  is 
brought  in  contact  with  water,  the  fluid  is  rapidly  absorbed ;  this  is 
owing  to  cohesive  attraction.  Soils  in  general,  regetable,  and  animal 
substances,  that  have  been  dried  at  a  heat  below  that  of  boiling  water, 
increase  in  weight  by  exposure  to  air,  owing  to  their  absorbing  water 
existing  in  the  state  of  vapour  in  the  air,  in  conscquenpe  of  cohesive 
attraction. 

**  The  water  chemically  combined  woaongjit  the  elements  of  soils,  unless 
in  the  case  of  the  decomposition  of  animal  or  vegetable  substances,  can- 
not be  absorbed  by  the  roots  of  plants  ;  but  that  adhering  to  the  parts 
of  the  soil  is  in  constant  use  in  vegetation.  Indeed  there  are  few  mix- 
tures of  the  earths  found  in  soib  that  contain  any  chemically  combined 
water ;  water  is  expelled  from  the  earths  by  most  substances  that  com- 
bine with  them.  Thus,  if  a  combination  of  lime  and  water  be  exposed 
to  carbonic  acid,  the  carbonic  acid  takes  the  place  of  water,  and  com- 
pounds of  alumina  and  silica,  or  other  compounds  of  the  earths,  do  not 
chemically  unite  with  water ;  and  soil;},  as  it  has  been  stated,  are 
formed  either  by  earthy  carbonates,  or  compounds  of  the  pure  earths 
and  metallic  oxides. 

"  When  saline  substances  exist  in  soils,  they  may  be  united  to  water 
both  chemically  and  mechanically  ;  but  they  are  always  in  too  small  a 
quantity  to  influence  materially  the  relations  of  the  soil  to  water. 

**  The  power  of  the  soil  to  absorb  water  by  cohesive  attraction,  de- 
pends in  great  measure  upon  the  state  of  division  of  its  parts  ;  the  more 
divided  they  are,  the  greater  is  their  absorbent  power.  The  different 
constituent  parts  of  soils  likewise  appear  to  act,  even  by  cohesive  at- 
traction, with  different  degrees  of  energy.  Thus  vegetable  substances 
seem  to  be  more  absorbent  than  animal  substances  ;  animal  substances 
more  so  than  compounds  of  alumina  and  silica ;  and  compounds  of  alu- 
mikia  and  silica  more  absorbent  than  carbonates  of  lime  and  magnesia  ; 
these  differences  may,  however,  possibly  depend  upon  the  differences 
in  their  state  ofdivision,  and  upon  the  surface  exposed. 

**  The  power  of  soils  to  absorb  water  from  air,  is  much  connected 
with  fertility.  When  this  power  is  great,  the  plant  is  bupplied  with 
moisture  in  dry  seasons  ;  and  the  effect  of  evaporation  in  the  day  is 
coanteracted  by  the  absorption  of  aqueous  vapour  from  the  atmos- 
phere, by  the  interior  parts  of  the  soil  during  the  day,  and  by  both  the 
exterior  and  interior  during  night. 

**  The  stiff  clays  approaching  to  pipe-clays  in  their  nature,  which 
take  up  the  greatest  quantity  of  water  when  it  is  poured  upon  them  in 
a  fluid  form,  are  not  the  soils  which  absorb  most  moisture  from  the  at- 
mosphere in  dry  weather.  They  cake,  and  present  only  a  small  sur- 
bce  to  the  air,  and  the  vegetation  on  them  is  generally  burnt  up  almost 
as  readily  as  on  sands. 

"  The  soils  that  are  most  efficient  in  supplying  the  plant  with  water 
by  atmospheric  absorption,  are  those  in  which  there  is  a  due  mixture 
of  sand,  finely-divided  clay,  and  carbonate  of  lime,  with  some  animal 
or  vegetable  matter  ;  and  which  are  so  loose  and  light  sis  to  be  freely 
permeable  to  the  atmosphere.  With  respect  to  this  quality,  carbonate 
of  lime  and  qpimal  and  vegetable  matter  are  of  great  us#  in  soils  ;  the  j 
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daring  die  decomposition  of  vegetables  :  this  is  slowlj  taken  up,  or 
attracted  from  the  earths  by  water,  and  appears  to  constitute  a  prime 
cause  of  the  fertility  of  the  soil. 

**  The  standard  of  fertility  of  soils  for  diiferent  plants  must  vary 
with  the  climate  ;  and  must  be  particularly  influenced  by  the  quantity 
of  rain. 

"  The  power  of  soils  to  absorb  moisture  ought  to  be  much  greater 
in  warm  or  dry  countries,  than  in  cold  and  moist  ones  ;  and  the  quan- 
tity of  clay,  or  vegetable  or  animal  matter  they  contain,  greater.  Soils 
■bo  on  declivities  ought  to  be  more  absorbent  than  in  plains  or  in  the 
bottom  of  valleys.  Their  productiveness  likewise  is  influenced  by 
the  nature  of  the  subsoil  or  the  stratum  on  which  they  rest. 

**  When  soils  are  immediately  situated  upon  a  bed  of  rock  or  stone, 
they  are  much  sooner  rendered  dry  by  evaporation,  than  where  the 
■nlMoii  is  of  clay  or  marl ;  and  a  prime  cause  of  the  great  fertility  of 
the  land  in  the  moist  climate  of  Ireland,  is  the  proximity  of  the  rocky 
■trata  to  the  soil. 

'^  A  clayey  subsoil  will  sometimes  be  of  material  advantage  to  a  sandy 
aoil ;  and  in  this  case  it  will  retain  moisture  in  such  a  manner  as  to  be 
capable  of  supplying  that  lo!«t  by  the  earth  above,  in  consequence  of 
evaporation,  or  the  consumption  of  it  by  plants. 
■'  **  A  sandy  or  gravelly  subsoil,  often  corrects  the  imperfections  of  too 
great  a  degree  of  absorbent  power  in  the  true  soil. 

**  In  calcareous  countries,  where  the  surfece  is  a  species  of  marl, 
the  soil  is  often  found  only  a  few  inches  above  the  limestone  ;  and  its 
fertility  is  not  impaired  by  tlie  proximity  of  the  rock  ;  though  in  a  lef  s 
absorbent  soil,  this  situation  would  occasion  barrenness  ;  and  the  sand- 
ftone  and  limestone  hit1<>  in  Derbyshire  and  North  Wales  may  be  easily 
distinguished  at  a  dii^titnce  in  summer  by  the  diflerent  tints  of  the  ve« 
getation.  The  grass  on  the  sandstone  hills  usually  appears  brown  and 
Immt  up ;  that  on  the  limestone  hills,  flourishmg  and  green. 

*■  In  devoting  the  different  parts  of  an  estate  to  the  necessary  crops, 
it  is  perfectly  evident  from  what  has  been  said,  that  no  general  princi- 
ple can  be  had  down,  except  when  all  the  circnmstances  of  the  nature, 
composition,  iflid  situation  of  the  soil  and  subsoil  are  known. 

'^  The  methods  of  cultivation  likewise  must  be  difllerent  for  differ- 
ent soils.  The  same  practice  which  will  be  excellent  in  one  case  may 
be  destructive  in  another. 

*'  Deep  ploughing  may  be  a  very  profitable  practice  in  a  rich  tliick 
•oil ;  and  in  a  fertile  sliallow  soil,  situated  upon  cold  clay  or  sandy  sub- 
soil, it  may  be  extremely  prejudicial. 

**  In  a  moiHt  climate  where  the  quantity  of  rain  that  falls  annually 
eqnals  from  40  to  GO  inches,  as  in  Lancashire,  Cornwall,  and  some  parts 
of*  IrelamI,  a  siliceous  san<ly  noil  is  much  more  pro<luctive  than  in  dry 
districts  ;  and  in  such  situations  wheat  and  beans  will  require  a  less  co- 
herent and  absorbent  soil  than  in  drier  situations ;  and  plants,  having 
bulbous  roots,  will  flourish  in  a  soil  containing  as  much  as  1 4  partti 
oot  of  1 5  of  sand. 

«*  Even  the  exhausting  powers  of  crops  will  be  influenced  by  like 
circumstances.  In  cases  where  plants  cannot  absorb  sufficient  mois- 
ture, they  must  take  up  more  manure.  And  in  Ireland,  Cornwall,  and 
the  western  Highlands  of  Scotland,  com  will  exhaust  less  than  in  dry 
inland  situations.  Oats,  particularly  in  dry  climates,  are  impoverish- 
ing in  a  much  higher  degree  than  in  moist  ones." 
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TABULAR  VIEW 
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£(IUIVALEVT  NUMBERS  OF  V^QETABLB  AKB  AlHlfAL  nODVCTS^AHD 

THKIB  COMBINATIOBS. 


' 


SUBSTANCES 


EifiidTaleot 
NonUicv 


COMPOSITION 


I.  Gdm 

Bigimmutte  of  lead 


n.  SUOAS 

Saccharate  of  lead 


IIL  Staxch 

Binamilate  of  lead 


IV.  Tanmin 

Tannate  of  lead , 


V.  Wax 


VI.  Oil? 


VII.  CaMPHOUC  AGID  .^ 


Vm.  Succinic  acid 

Succinate  of  anmonia 


•oda 
lime 


90? 


81? 
192 

144? 
400 

215.3? 
327.3 

146? 


60? 
67 


78 


180  gum.  "^112  ool  of  kad. 


81  fliigar-(*l^  ^>*  ^  l^*^ 


288  lUrch-f-llS  osl  of  lead. 


215.3 


OK.  of  lead 


50  8.  A.-{.17anniott. 
50aA.+48P. 
50  S.  A. -1-32  S. 
50S.A.4>S8L. 
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TABULAR  VIEW 


OP    THE 


£(IUIVALEVT  NUMBERS  OF  VEQETABLB  AKB  ASIUAL  nODVCTS^AHD 

THSIB  COMBINATIOBS. 


' 


SUBSTANCES 


Eifiidvaleat 
Nanbcv 


COMPOSITION 


I.  Gum 

BignnmiAte  of  lead 


n.  SCOAS 

Sacdunte  of  lead 


IIL  Stamh 

Binamilate  of  lead 


IV.  Tannin 

Tannate  of  lead . 


V.  Wax 


VI.  Oil? 


VII.  Camphouc  acid  f 


Succinic  acid 

Succinate  of  amnonia 


potai 

•oda 
time 


90? 


81? 
192 

144? 

400 

215.3? 
327^ 

146? 


60? 
67 


78 


180  gum.  "^112  ool  of  lead. 


81  fliigur-(*l^  ^>*  ^  l^*^ 


288  lUrch-f-llS  osl  of  lead. 


215.3  tamim-f-lU  OK.  of  lead 


50  8.  A.-{.17anBiott. 
50aA.+48P. 
50  S.  A. -1-32  S. 
50  a  A. -f  28  L. 
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TABULAR  VIEW 


OP    THE 


£(IUIVALEVT  NUMBERS  OF  V^QETABLB  AKB  ASIUAL  PRODUCTS*.  AHP 

THKIR  COMBINATIOBS. 


' 


SUBSTANCES 


EifiidTaleaf 
NonUicv 


COMPOSITION 


I.  Gum 

Bigummftte  of  lead 


n.  SUOAS 

Saocharate  of  lead 


m.  SrAacH 

Binamilate  of  lead 


IV.  Tanhin 

Tannateof  lead, 


V.  Wax 


VI.  Oil? 


VII.  Camphokic  acid  ? 


Vm.  Succinic  acid 

Succinate  ofaimaonia 


ioda 
lime 


90? 


SI? 
192 

144? 
400 

215^? 
327.3 

14S? 


60? 
67 


78 


180  gum.  "^112  ool  of  kad. 


81  flugMr-f-lIt  08.  of  kad. 


288  starch  4- lis  osl  of  lead. 


215.3  tanmn-f-lUov.  of  lead 


SOS.  A.-fl7anBiott. 
50aA.+48P. 
50  S.  A.  4-32  S. 
50S.  A.+S8L. 


mmnmsMMmt  wimiii^  4n>* 


EqmvaieiU  ffwmiert^  4^.  (contmned.) 


SUBSTANCEa 


Eqidvalent 


COKPOBITIOR 


SnocimtB  of  btiytft* 


iioa. 


tin.... 
oopperf 


IX  MOBPBIA 


X.  Bficoinc  Acw 


XT.  SmicHNiA. 


Xn.  BuvciaP 


Xm.  Dblphia? 


Snr.  MlLLinC  ACID  ? 


XV.  Tabtasic  acid 

Tartrate  of  •mmoDia 
potassa.. 


Bi-tartrat«  of  poCaan 

Tartrate  of  potasia  and  ammonia 

■  '    loda  .  • 

■  potaaa  and  eoda . ,. 


128 

50S.A.  +  78B. 

101 

SOS.  A. -f  53  S. 

70 

60  &  A.+30  M. 

86 

S0S.A.-fS6O.M. 

86 

fiOS.A.-(.36  0.L 

93 

60  S.  A.  4-48  a  Z. 

117 

50S.A.4'67O.T. 

Itt 

60S.A.-f-y2O.C. 

162 

60S.A.+112O.Lu 

SUf 


33? 


381? 


67 
84 
115 
183 
199 
99 
314 


67T.  A.-fl7Amm. 

e7T.  A.+48P. 
134  T.  A.  4-48  P. 
134T.  A.+48P  +  17 

67T.  A. +32  3. 
1S4T.  A.-f32S.4.48P. 


MWlVALMMt  KVllMBEl,  4^ 


039 


Equivalent  JViimicrf,  4rc.  (omtioaed.) 


tUBSTAVCES. 


EquhrakBt 
Nuib«r 


COKPOSITIOir. 


Tartrete  of  lime 


andpotMia. 


bftryta 

ftrontia 

magnetia 

maogBncfle 

iXYXl 

— ^and  potassa. 


sine 
tin  . 


andpotasn. 


copper 

lead 

—  endpotiMa 


•ndnxmy. 


and  potaMa. 


■bimuth. 
•  cobalt . . . 
.  uranimn? 
•titanium? 
cerimf  . 
nickel . . . 
mercuiy  . 


andpolaaa.  . 


lilver 

■Ifer  and  potassa 


95 
flO 
145 
119 

87 
103 
103 
218 
109 
134 
249 
214 
179 
294 
123 
238 
147 
107.5 


1016 

275 

390 

184.3 

299.3 


67T.  A.+28L. 

134T.A.+28L.+48P' 

67T.A.+78B. 

BIT.  A. +81 S. 

67T.A.-|L90M. 

67T.  A.-).36  0.M. 

67T.A.-f36  0.I. 
134T.A.-f.36  0.I.-|-48P. 

67  T.  A.  +42  O.  Z. 

67T.  A.+67  0.  T. 
134T.A.-f.67  0.  T.4.48P. 
134T.  A.4-80peTai.C. 

67T.  A-f.112  0.  L. 
134  T.  A.4. 112  O.  L.+48  P. 

67T.  A.-f  56  0.A. 
134T.  A.-I.56  0.  A.448P. 

67T.A.4.8OO.B. 

67  T.  A. +40.5  a  C 


67  T.  A.  +37.6  O.  N. 

67T.A.+208O.M. 
134  T.  A. +206  O.  M.+48PJ 

67T.A.+117.3  0.  S. 
134T.A.+117.80.S.+48PJ 


4  O 


r.^:^:k^ 


P 


jBign^UiKT' 


Eqmtolna  ffmnUrt.  4r«-  (coBtiRti«d.) 


SOWtASCSB. 


.COHrOBITlON- 


XVI.  OuLtc  Acis 
Oulatasf  in 


KTll.  Ci»«ic  AciB  . 


38  a  A.-flTAiB. 
3Sa  A.  +  4eP. 
38  O.  A.-(-»  S. 
38aA.+3aL. 

38aA.4-nB. 

38  a  A. -f- S3  8. 
38  0.  A.-f»H. 

ssa  A.-f3eOLM. 

33  a  A.-h38  O.  i. 

sea  A.  +  420.Z. 

38  0.  A, +67  0.  T. 

T6  0.  A.*f  eOPeroi.  C. 
156  Oi.  Cqi.-f.55  Oxal.  un. 
156  Ox.  0^.-1-86  Oi.  IVx. 
156  Oi.  Cop.+n  0*.  Sod. 

38  0.  A. +  113  O.  L. 

38  0.  A.  4-560.  Aiit. 

38a  A.  +  80O,B. 

38  O,  A.  +*>,5  O.  C, 

38  0,  A.+37.Sa[S', 
38  a  A.  4. 308  0.  M. 
380.  A.  +  l17.3aS. 


EqaivaluU,  Aumiert,  ^e.  (contiDued.) 


SITDSTANCES. 


COKPOStTION. 


KVm,  Malic  Aan.. 
XIX.  GiLLic  Acid  . 
XX.  BmoicAciD. 


76 

59C.  A.  +  17Ain. 

107 

B9C,1.+4BP. 

91 

B9C.  A.+316. 

8T 

5SC.  A.-f38L. 

137 

69C.  A.  +  78B. 

111 

59C.A.+5aS. 

79 

S9C.  A.  <f.saM. 

96 

59C.  A.+36  0.M, 

95 

S9  C.  A,  +36  a  I. 

101 

S9C.  A.  +  4iaZ. 

136 

fi9C.A.+67  0.T. 

198 

llBC.A.  +  80i»roi.C 

171 

59C.A.  +  I12  0.U 

139 

59C.A.+80O.R 

99.5 

59C.  A.-f-40.5O.  C 

9G.G 

59  C.  A. +37.8  0.  N, 

367 

fi9C.A.+80aO.M. 

ITGJ 

59C.A.+117,30,S- 

71,1? 

613? 

119? 

136 

118  RA.+I7  Aram. 

167 

I19RA.+4SP, 

BWiTALoiT  WnakUf  ^. 


Efwhalml  JVwNkft y  4^.  (GODtiiKiMd.)r 


m 


U9&A.«f9IL. 
n9&A.-f.7S& 


-»- 


ii9aA.-Hisai» 


ffUA.A.-f-n 
SIA  A.  A.<f  4B  p. 

5i^A.A.-Mia 
61JA.A.4.98L. 

51^A.A.-f9fB. 
51.5  A.  A. -f  fit  a 
51i^  A.  A.4.90  BL 
51.5A.  A.4.36  0.  M. 
51i»  A.  A.-ff-36  a  I. 

51.5  al  A.  4.4s  a  Z. 

51.5A.  A.+67  0.  T. 
103A.A.4^80FbroB.C. 
51.5A.A.-f-112  0.L. 
51.5A.  A.-f80O.  &• 
51.5A.A.4.20eO.  M. 
5U  A.  A. +117.3  as. 
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Note  to  Sect.  46 — p.  17. 

yetfs  ago,  when  Mr.  Brande  published  the  first  edition  of  his  Manual,  the  atonuc  tfieoiy  coold 
le  represented  as  an  independent  collection  of  facts,  and  much  less  can  it  be  considered  so  at 
The  doctrine  of  definite  prc^portioos  is  noir  satisfactorily  established,  and  the  ratio  of  combining 

is  fbond  to  proceed  in  such  rM^ar  progression  that  many  of  the  phenomena  of  Chemistrr  may 
ted  to  calculation,  and  some  ot  its  abstrusest  parts  eluci<Uited  upon  mathematical  principles. 

important  law  has  been  found  to  govern  Chemical  combinations,  in  virtue  of  whicn,  when  bodies 
n  duTerent  proportions^the  larger  proportion  of  one  of  the  ingredients  has  a  simple  arithmetical 
le  lesser  proportion :  The  second  quantity  being  a  simple  multiple  of  the  first,  and  if  diere  is  a 
3ur1h  proportion,  the  same  ratio  conUnues  between  thun.  If  100  of  a  combine  in  the  first  pro- 
ith  8  of  6,  b  the  second  proportion  100  of  a  will  combine  with  16  of  fr,  in  the  third  with  24,  in 
I  with  32;  these  proportions  having  to  each  other  the  simple  ratio  of  1,  S,  3, 4. 
peratioo  of  this  principle  appeared  with  striking  and  instructive  evidence  in  the  tables  of  Dr. 

They  were  fomied  from  a  series  of  numerous  experiments  on  the  reciprocal  decomposition  of 

show  the  weight  of  each  base  capable  of  saturatmg  one  hundred  parts  of  each  acid;  and  the 

each  acid,  capable  of  saturating  one  hundred  of  ewAi  base.    He  threw  the  results  into  tables, 
ved  that  in  all,  the  bases  and  the  acids  f(4lowed  the  same  order :  and  further  that  the  numbers 
ible  constitute  a  scries,  having  the  same  ratio  to  each  other  in  all  the  tables.    Thus  suppoeine  in 
of  sulj^tes,  one  hundred  parts  of  acid  were  saturated  by  one  hundred  of  soda,  two  nnndi^  of 
ad  three  hundred  of  bairta ;  then  in  the  table  of  nitrates  the  same  ratio  would  hold  good,  and 
potassa  and  baryta,  would  there  also  stand  to  each  other  in  the  relation  of  one,  two  and  three, 
ras  explained,  why  when  two  neutral  salts  decompose  each  otfier,  the  newly  formed  salts  are  also 
for  the  same  proportion  of  the  bases  tibat  saturate  a  given  weight  of  one  acid  will  saturate  a  ^ven 
so  of  all  the  other  acids.    Hence  numbers  may  be  attached  to  each  acid  and  to  each  base,  mdi- 
e  weiriit  of  it,  which  will  saturate  die  numbers  attached  to  all  tbe  other  acids  and  bases.    Upon 
riple  elementary  works  on  Chemistiy  contain  tables  of  the  representative  numbers  of  bodies. 
ig8;in8  in  1789,  published  diat  Ghonical  attraction  only  prevailed  between  the  ultimate  particles 
;  efementary  matter,  and  between  compound  atoms.    Mr.  Dalton  in  1804  greatly  d^velc^ied  and 
I  this  doctrine,  and  since  then  some  of  the  most  eminent  Chemical  philosophers  have  directed  their 
to  the  definite  proportions  in  which  bodies  unite  that  form  several  compounds.    Seventy  parts  of 
)r  example,  unite  to  thirty  of  carbonic  acid,  and  to  sixty,  but  not  to  anjr  intermediate  proportiooB, 
>  bodies  combine  only  in  one  proportion,  the  most  simple  supposition  is.  that  they  coinbine  atom 
nngiy,  that  is,  one  atom  of  the  one  with  one  atom  of  tne  other ;  when  they  combine  in  two  pro- 
it  may  be  supposed  that  the  first  combination  is  that  of  one  atom  of  the  one  with  one  atom  of  the 
id  the  second  that  of  one  atom  of  the  one  with  two  of  the  other;  in  the  third  of  one  atom  with 
r. ;  and  no  combinations  in  proportions  different  from  these  will  exist 

ime  law  was  inferred  by  Dr.  WoUaston,  from  die  investigation  of  certain  saline  compounds.  He 
rved,  that  when  they  are  partially  decomposed,  die  (quantity  of  one  of  the  ingredients  abstracted 
f  half  the  quantity  of  it  which  the  compound  contains,  tn  producing,  for  example,  the  partial 
eition,  b^  beat,  ol  the  compound  of  potash  with  carbonic  acid,  a  certain  quantity  of  carixxdc 
xpelled  nom  it ;  and  in  suranitting  it  after  tliis  to  a  more  powerful  decomposing  force,  that  of  the 

a  strong  acid,  another  quantity  of  carbonic  acid  is  expelled,  which  is  exactly  equal  to  die 
apparenUy  proving  that  the  potam  combines  with  the  carbonic  acid  in  two  proportions,  of  which 
IS  just  douole  the  other.  ^ 

lusaac  aflerwards  observed  a  relation  in  the  combinations  of  aerial  bodies  with  each  other,  whidi 
isly  the  result  of  the  same  law.  It  had  been  remarked  in  some  few  cases,  that  gases  combine  in 
roportions ;  for  example,  of  eaual  volumes,  or  of  two  volumes  of  one  with  one  v^ume  of  anodber. 
t  case  had  in  particular  been  ooserved  in  the  combination  of  the  elements  of  water,  l^is  induct 
xamine  other  combinations  of  this  class  of  bodies,  and  his  investigations  led  to  the  general  conclu- 
t  bodies  in  the  aerial  form  combine  in  ratios  the  most  simple,  thMe  ofltol,  oflto3,oroflto 
I  volumes. 

iew  of  the  subject  has  one  peculiarity.    When  the  proportions  of  the  elements  of  a  compoond 

aated  by  weight,  there  is  no  simple  expressible  proportion  between  them  in  the  first  combination. 

f  when  there  is  a  second  combination  of  the  same  elements,  that  the  additional  portion  of  one  of 

a  multiple  of  the  first :  but  in  elastic  fluids,  even  in  the  first  combination,  the  two  elements  hava  a 

(imple  proportion  So  each  other. 

lius  ha5  generalised  the  viow  given  by  Gay-Lussac.    Evciy  body  is  convertible,  or  may  be  sup- 

onvertibie,  into  the  easeou9  state ;  and  all  bodies,  he  supposes,  combine  in  simple  proportiooSf 

;d  by  volume,  in  the  elastic  form.     Under  this  modification,  it  constitutes  what  he  calls  die  theory 

aes. 

ler  relation  still  more  important  and  more  comprehensive  was  brought  forward  by  Mr.  Dallon.  * 

admitted,  that  in  the  combination  of  two  bodies  in  certain  proportions,  they  unite  atom  with 
lely,  or  tliat  they  unite  one  atom  with  two  atoms,  with  three,  or  with  any  number  of  atoms,  than 
tive  weights  of  ttiese  atcxns  may  bo  iiiferred  from,  the  relative  quantities  m  which  the  bodies  com- 
yr  in  the  case  where  one  body  combines  with  another  in  one  proportion  only,  and  in  which  Blf. 
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DmltoD  Btisumrfi  the  combinatinn  to  be  that  of  one  Atmn  of  the  onr  with  onr  atom  of  x)ie  olbor,  tb*  w»sltA 
of  the  atoms  ot'  &f^'  bixlios  muj'  br  a^  thr  quBiititii'^i  in  whirh  thiv  cninhiiie.  siiu-i*.  by  tin.'  as-'irnp'j'm, 
these  quantitio  n  viMttivi-iy  ci^'.tain  thi*  nami'  nuniYio'-  of  atoms.  Thr.  « li-nK>ntN  of  w:it(-r,  for  r\:trirp!f, 
oxygvii  and  h>drtn:rii,  tombiiio  in  t)¥r  propi»tioii  by  wc-iirht  t'p.  78.-  of  88.89  otypi-n  and  11.11  h}di\ii:rii, 
itmi  is  in  thr  pmf>irtion  of  8  to  1.  Thr:  <  nnibinution,  it  15  snupoM-d.  i-of.sints  of  one  atmn  of  oxyzruwith 
one  of  hydrcicn  :  th**  numlvr  of  atonic  of  oxygi>n,  theivfon*,  iii  tin*  quantity  of  it  which  «*Jitt:r*  into  tinicxi, 
and  the  Iiunibt^r  of  tlu'  atrtins  of  h\dro;:«-n  in  thr  quantity  of  it  which  c(Mnbini-:i,  an.'  the  sanic  :  htnce  the 
weifcht  of  an  atoin  ot'  u\\  g^n  inu<»t  be-  to  that  of  an  atom  of  hydro^on  as  8  to  1 . 

The  wet]E:hto  rif  tlir  at'imis  of  bodiiii,  it  is  oh-  ir-us,  m;i>  b(-  (H}iially  iniV-rrcd  from  combinations  of  them 
in  diflrrrnt  pn>portiuni>.  if  these  arv  in  >iinp!i'  nrithiiu'ticnl  raiiiH  to  oach  other.  Thus  rarbon  tonii^  i;4ie 
combination  with  ox^rv*'"  iu  the  prt.>|Miriioii  of  42.14  railion  to  n7  8(1  nxye:rn  nearly  5  per  rent ;  or  more 
•cruratelv  as  6  tu  8. '  This  is  a-^^^'inH  tl  to  bt*.  what  Mr.  Daitoii  rails  a  binary  conibuiatnHi,  ur  tliat  of  rme 
•torn  of  the  one  binly  wi^  one  of  the  other :  The  wrifrht  thtrefore  of  an  atom  of  <  arbon  is  to  thiit  af  iin 
•torn  of  oxygen  hs  G  tu  8.  But  thntte  bodiri  f'ofnl)iru  aliio  in  the  pn>iiortion  of  27.23  (^rlw^i  (u  72.77  oiy- 
(TU,  that  is  in  thi'  prctportion  of  6  to  16.  This  iii  infernal  to  Im*  a  ronipuund  of  an  atom  of  carbon  nith 
two  alomi  of  oxysri-n  :  It  (•<.|nally  follows  from  it,  tlien-fore,  that  tlic  wui^it  of  an  atom  oi'  caHxxi  is  to  that 
•f  an  atom  of  oxyvtn  a<  G  ib  to  8. 

In  this  !n-b-r<rn,*nltupether  independent  of  the  hypotliesis  of  the  weight*  of  the  atoms  of  bodi(>8,  is  ini* 
plied  the^/aef,  that  one  wcifrht  of  a  body,  or  a  simple  muhiple  of  that  wei^t,  will  alwa\s  enter  intt^  iti 
rdhibinatiuns  in  n'hition  to  ct'rtain  uniform  weij^ts  In  which  other  bodies  combine.  The  (lennnt  hydn> 
gm,  fcr  example,  «-ntt'rin;r  into  combination  as  1,  the  element  oxyf^r.n  will  tenter  into  rombinuli9fi>  in  a 
qnantHy  as  8.  or  iionie  .simple  multiple  of  it :  carbon  as  6 ;  sulphur  as  IG :  that  is,  t)u:  quantiti»  <  in  whiih 
ucie  bodies  enter  inti>  combinaUon  will  all  have  the  relation  of  these  nnmbci^  or  o(  simple  inuliiplc*  of 
dion  lo  1,  denotintr  the  quantity  of  hrdrocen,  and  of  coutm  will  have  tlu-se  n>l8ti(Nis  to  each  other.  It  u 
dlif  exposition  of  fart^  wnich  it  i^  of  k>  much  importance  to  trace,  whatf^er  opinion  mar  be  fanned  with 
ronird  to  the  hy))otheM«  connected  with  it,  or  assumed  to  explain  it. 

It  hat  been  oliiected  to  thr  s\  stpm  of  atomic  weights  that  the  admission  of  the  fant^  doe*  not  nut  uTitHy 
lead  to  its  adoption.  It  may  b«-  admitted  tliut  combination  takes  filace  between  two  bodirs  in  1:1  rtaio 
fixed  proportions,  and  that  tlifse  hn%'c  simple  arithmetical  ratios,  the  larper  bein^  a  simple  multiult-  ot  ths 
■nailer;  but  it  do*  s  not  thence  follow  that  the  first  combination  is  that  of  atom  with  atom,  ana  LKat  the 
edier  proportions  am  thosi-  of  one  atom  to  two,  threo,  or  four.  It  is  possible,  that  instead  of  attractioii  he  in^ 
exerted  /rom  atom  to  atom  individnally,  a  certain  number  of  atoms  of  a  bodv  mav  exert  the  most  pc^wi-n'tJ 
fiwce,  end  enter  into  the  in^mbination  it  forms;  and  all  that  is  strictlv  established  is,  that  whatevf.r  numb-r 
enter  into  the  first  combination,  double  of  that  number  enter  into  the  second,  and  three  or  four  units  the 
■timber  into  the  third  and  fourth  combinsitions. 

The  theory  of  atoms,  it  must  be  con£p8M'd,  is  hypothetical  at  relates  to  tlie  supposition  that  the  wcisdiu 
ef  the  atoms  of  ditTerent  bodies  are  to  each  otKer  a.«  are  the  wei^rht  of  an  agf^^tion  of  those  atuim, 
when  they  form  th**  constituents  of  a  compound.  But  no  hypothesis  can  be  more  natural,  or  iMitrr  con- 
nect and  account  for  the  relations  of  compound  bn(ii«'s.  Nor  can  any  thin^  more  deiisivety  prrAe  ihi 
correctness  of  the  theorv  than  this,  that  what  i«  r>bf('Ctionible  in  it  vanishes,  by  simply  chan|rin|f  the  a  nrd 
nicmf  to  ano(]i<^r,  which,  without  Ix-in^  an  altTition  uf  t)ie  aense,  is  a  njon^  naked  expression  oi'  the  t«(t. 
It  is  tlie  su^jfFSUon  ot  the  hiti-  Dr.  John  Murray. 

He  pro[x>«eii  to  dmolc  that  qnanfitv  in  whi«  h  a  U>dy  enti^rs  into  combination,  compamil  with  rit!>»r 
quantities  in  whiih  other  iKxlies  n^mbinf.  In  the  term  ntinlnning  quantity,  Tliis*  wortt  will  expn  j-;  :hf 
iMme  thinp;  (but  without  any  h\pothr«ii>^  as  Mr.  Daitoirs  wrii^ht  of  an  atom,  or  a?;  u  \oluine  in  the  ^}Vo- 
thesis  of  B«*r/.tlin-  and  f.ia'i-I.i'sssic.  And  uhothcr  it  denoti«  the  wei«^t  of  a  sinjrlt-  ndriiclc,  orois 
certain  number  of  pnrti<"Irs  whii-h  rIwrv*  j:o  ftiirrther,  it  ise.qually  propiT  to  express  the  fact. 

Berthollct*s  idea  that  ihi'  actinir  Uidie^  arc  divided  anion^  each  other,  in  pnip)rti<.>ns  dipendinjr  L'p.fl 
tlieir  relative  nia-i-ei? 'ind  at  I  met  ions,  has  been  rombatrd  and  disproved  by  Platf,  ivho  lias  sl:own  if-at 
tartrite  of  linn-  is  conipletf  ly  doccHn)vised,  by  uddin?  to  it  a  quantity  of  Milphuric  arid.  rxactl\  m»':"-.  .'iit 
to  saturate  tin-  lime  it  c»>nlains;  nnd  in  thr  &ani»>  way  he  has  shown  that  (>x;ilitte  of  lead  is  df^  i.»ri  u-'^eii, 
by  addin<;  ^sulphuric  acid  suifM-icrit  to  saturatr  the  oxide  of  had :  In  tlie«)(':  ca^ts  pure  tartaric  and  oiulic 
acids  are  cvolv*  d. 

The  doctrine  of  Ikrthollet  i«s  iiironsi«sti nt  with  the  important  law,  !»o  well  established  "that  itic  I  •r_''^r 
portion  of  one  of  th«-  in^rr-dii-nt.s  in  a  Chemical  cfjtn|)o«Hid  is  a  simpU  multiple  of  the  jirnaller.**  AVv  ••• 
ever  powerful  attraciitms  tij^nte,  definite  p'^»j>)rti<nv'are.  e«<tar»li»hea,  and  the  laws  with  r*-jrard  Viihtni-'C*- 
served;  but  when-  attmctnins  are  wckk,  coml)inati'>M  is  1  ithor  nnrmiitij,  r»r  if  it  take  place  in  i»  1*^10 
proportions,  these  an-  not  >ft  in^nriabh-  hut  th:it  others  ma}  bi-  f«-niK>d  In  t^iose  ca«es  we  will  Lnii  Ui-»* 
the  unions  are  nio^e  pn»p<'rly  TMiMip»'<  than  com  Mi  latitats 
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